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CLOCK- AND POWER-MANAGEMENT IC FOR RF SYSTEM

FEATURES
e High Efficiency, 550-mA, Adjustable-Output
Buck Boost DC-DC Converter

¢ 6 High Performance LDO With Low Power
Mode

¢ 2 Analog Switches
e 2 High Performance LDO

¢ 3-Channel Selectable Output, 8-Bit Resolution
D/A Converter

¢ 12-Bit Resolution D/A Converter

¢ 3-Channel Clock Buffer of 26 MHz VCTCXO
For Clock Reference

e« 2 Serial Interface With 3-Wire
¢ Thermal Shut Down Protection
¢ Hot-Die Detection For Die Temperature Alert

e 5mm x5 mm, 0.5 mm Pitch MicroStar
Junior™ Package

APPLICATIONS

¢ UMTS/WCDMA/GSM Cellular Phone
¢ Smart Phones

¢« Wireless Modems

DESCRIPTION

The TPS65040 is an advanced RF power
management chip for cellular phones, providing a
highly optimized solution for UMTS/WCDMA/GSM
power amplifier applications. This solution improves
efficiency by voltage control of the power amplifiers,
saving power to prolong battery life. The TPS65040
features buck boost DC/DC converters suited for
applications requiring up to 550-mA output current
while dynamically adjusting output voltage from 0.8 V
to 4.2 V with a fast settling time, high performance
8-channel LDO regulators, 8bit DAC, 12bit ADC and
clock distribution buffers of 26 MHz VCTCXO. Each
block can be controlled by serial interface and
external pins. The TPS65040 offers material cost
savings and small size, using a compact 5 mm x 5
mm MicroStar Junior™ package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas

Copyright © 20062007, Texas Instruments Incorporated
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘h\ during storage or handling to prevent electrostatic damage to the MOS gates.

TPS65040 OUTPUT® AND OPERATIONAL RANGE

PIN NAME PIN NO. TYPE Vout (V) loutMAX (mA)
VOUT A8, B8 Buck boost DC/DC converter 0.8~4.2 550
V11_V28TX G1 Normal mode (high PSRR LDO) 2.85 130
PA_VDD F2 Switch output of V11_V28TX 2.85 20
V12_V28RX E1l Low power mode/normal mode (high PSRR LDO) 2.85 95@)
V_LNA_FEM E2 Switch output of V12_V28RX 2.85 30
V13_V28A D1 Low power mode/normal mode (high PSRR LDO) 2.85 50
V15_V18A Cc2 Low power mode/normal mode (high PSRR LDO) 1.85 15
VGGE1_V28 H9 Low power mode/normal mode (high PSRR LDO) 2.85 150
VGGE2_V28 G9 Low power mode/normal mode (high PSRR LDO) 2.85 150
VGGE3_V28 F9 Low power mode/normal mode (high PSRR LDO) 2.85 100
VTCXO J2 Normal mode (high PSRR LDO) 2.85 20
PAVREF1 A3 8-bit DAC output 0.95~2.9 5
PAVREF2 A2 8-bit DAC output 0.95~2.9 5
PAVREF3 B1 8-bit DAC output 0.95~2.9 5
AFC J3 12-bit DAC output 0.25~2.45 0.025
SIN_SYSCLK1 J5 Clock distribution with —3 dB gain —
SIN_SYSCLK2 J6 Clock distribution with —1 dB gain —
SIN_SYSCLK3 J7 Clock distribution with —1 dB gain —

(1) All outputs can be controlled by serial interface, except VTCXO, PAVREF1, PAVREF2 and PAVREF3.
(2) When the PA_VDD has load current, the maximum load current of V11_V28TX is decreased from 130 mA by the value of Iyt of

PA_VDD.

(3) When the V_LNA_FEM has load current, the maximum load current of V12_V28RX is decreased from 95 mA by the value of Iy of

V_LNA_FEM.
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APPLICATION CIRCUIT

VBAT=3.1V~4.5V _ L1
VBDDP u
L voooe e
DDINA 2
L2
VBN1
vour 0.8V up to 4.2V Output
vour L d
—L COBKBT
VBN2 L =10vF
PA_FB
VBN3 ERR _1_ CERRBKBT
L =0.001uF
VBN4 EXT_DC_DC_ON_OFF Control Output ; VIO1V8 level

VREF1 —L covREF1
VBN5 L =oo1F

VREF2 D
COVREF2
vioiva — =0.1uF

VIO1V8=1.776V~1.924V

PAVREF1 [——>

PAVREF2 0.95V up to 2.9V Output

0.4V up to 2.414V input (Selectable output)
PABIAS1 PAVREF3 ——»
Control Input ; VBAT level 0.25V up to 2.45V
REG_EN TPS65040 AFC uko
Control Input ; VIO1V8 level
CRESET
r— »lcoix SYSCLK_IN I CINSTSCLK=0.01uF
) CDATA SIN_ SYSCLKL | |LCOSIN1=0.001uF
sy prce | o comn - |
v COSIN2=0.001uF
VIO1V8 level — »|Tsperk SIN_SYSCLK2 I U
*CDATA I/O pin -
— »|TsPDIN SIN_SYSCLK3 H COSIN3=0.001uF
\. —> TSPEN
2.85V Output
TCX0 ~—L covTcxo
[ —» WRFON L =1uF
— »|sSYscLX_EN V11_V28TX 9 cov121'85V Output
——»{SYSCLK_EN2 L =wF
Control Input ; 2.85V Output
VIO1V8level =< —*| TXONFST PA_VDD

— TXON

—» TBNDSELL V12_V28RX 2.85V Output

\. —>{ TBNDSEL2

V_LNA_FEM 2.85V Output
[ | TEST
= 2.85V Output
[ VEEPROM V13_V28A 7
= é cov13
= =1uF
DDGNDP V16_V18A - 1.85V Output
covis
DDGNDP =L SiF
_[——| DDGNDA VGGE1_V28 9 2.85V Output
el COVGGET
— GND2 VGGE2_V28 - 2.85V Output
COVGGE2
L—{onns T
[ GND4 VGGE3_V28 2.85V Output
- ——= COVGGE3
| we
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FUNCTIONAL BLOCK DIAGRAM

=
[e]
N ¥ oo oo
f Schmitt Buffer: 1.85V Level Shft Buffer: 1.85V -> VBATT DLevel Shft Buffer with Schmitt ‘ o 0o 99
| 1.85V -> VBATT H 28 & 55
N Schmitt Buffer: VBATT Level Shft Buffer: VBATT -> 1.85V /l > >>5588vy g g
VBN2
T |
' —
’_| $>__. ‘ {PSCNTDC/DC]
REGEN _D— l HPSCNTDC/DC_EXT]
VIOV H >—» l TXONFST BUCK BOOST
o1ve Yas TSHUT OFF DC/DC CONVERTER
CCLK e | o 08V~42V
g | VBN 550 mA
CDATA -—| > 9
| :' l {[TEMP] ® Thermal Shut Down
| —%: § r{TSD_FLG] Hot Die Detection H
h=4
D , 5]
CsTB | = | MBG_EN Band
© | sBG_EN andgap
TSPCLK > g l
o
TSPDIN I —|>—> - { oo
TSPEN > el
i
CRESET l )—[>—> w |i TRIMMING
T >3
WRFON l;, @ i
SYSCLK_EN > |
> l VBN
SYSCLK_EN2 l;, ] VREF2
TXONFST §D ! TXONEST
| PAVREF
! TXON
TXON §[> I 0.95V~2.9V
TBNDSEL2 g@ | TBNDSEL2 5mA
TBNDSEL1 ! TBNDSEL|
I /l {DAC]
‘___1 _____ TSHUT OFF p—
VREF2 L} GND2 GNDI
", VREF2 VBN5
' V1 57V18A “‘ REG15_NORMAL g _ =
V15_V18A []_I' 1.85V REGIS_LPM VREF2 \I
' 15 mA REGGGE3 NORMAI VGGE3_V28
REGGGE3_LPM 285V H
, , 100 mA |
Vi et | |
V1 3_V28A C 285 V REG13 LPM VREF2 ' |
50 mA REGGGE2 NORMAJ] VGGE2_V28 |
, REGGGE2 LPM__¥ 2.85V —l'[
| , t 150 mA
VREF2 , |
V LNA FEM ﬁ V12_V28RX REGI2 NORMAL ' |
- - 285V REGI2_LPM . | |
1 ! V VREF2
V12_V28RX 95 mA o REGUGEliNORMA:L VGZGE;_\>/28 _l_[
, REGGGE! LPM I 150 mA |
| VREF2 [ )
V11_V28TX V11_V28TX H{PSCNT11] \__:I,____
285 v r[PSCNTT3V] GNDS
PA_Vvdd ( 130 mA TXONFST
'WRFON
~———— X g
173 =
GND4 'y :2‘ 2‘
z — S P4 & S8
a7lvens 25 [5]9E vent a |® 3 12 vrexo
= — S A
VTCXO
285V AFC DAC CLOCK DISTRIBUTION
20 mA 0.25V~2.45V
g o g
GND3 ,J. GNDI1 GND6
SR :
£6>6>5656>68 2 x I e Tis Remisie
> ]
(2]
>
(2]

EXT Df DC_ON_OFF

PA_FB
ERR
PABIAS1
VREF1
DDGNDA
DDINA
TEST

PAVREF3
PAVREF2
PAVREF1

1 VGGE3_V28

1 VGGE2_Vv28

1 VGGE1_V28

SIN_SYSCLK1

SIN_SYSCLK2
SIN_SYSCLK3

-

r[name] is Register Command !
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ORDERING INFORMATION
PART NUMBER Ta PACKAGE® ORDERING PACKAGE MARKING
TPS65040 —-30°C to 85°C 71-pin MicroStar Junior™ TPS65040ZQE PS65040

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
website at www.ti.com.

ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)

VALUE UNIT
VIO1V8 pin with respect to GND2 -0.3t0 3.3 \Y,
VBNL1 pin with respect to GND1 -0.3t05.5 \Y,
VBN2 pin with respect to GND2 -0.3t05.5 \Y,
VBNS3 pin with respect to GND3 -0.3t05.5 \Y,
Supply voltage ——
VBN4 pin with respect to GND4 -0.3t0 5.5 \%
VBNS5 pin with respect to GND5 -0.3t05.5 \Y,
VBDDP @ pin with respect to DDGNDP (@ -0.3t05.5 \%
DDINA pin with respect to DDGNDA -0.3t05.5 \Y,
Input voltage range on REG_EN pin with respect to GND2 -0.3t05.5 \Y,
Input voltage range on PABIAS1, PA_FB and ERR pins with respect to DDGNDA -0.3t05.5 \Y,
Input voltage range(@ on L1 and L2 pins with respect to DDGNDP -0.3t05.5 \Y,
Input voltage range on other pins®) -0.3t05.5 \%
Input voltage range on SYSCLK_IN pin with respect to GND6 -0.3t0 3.3 \Y,
Input voltage range on other input pins -0.3t03.3 \%
Input voltage range on other pins®) -0.3t03.3 \%
Peak LDO and SW output current(®) Internally Limited
Peak current of power path® on VBDDP, L1, L2 pins with respect to DDGNDP 5 A
Storage temperature —40 to 150 °C
Maximum junction temperature 125 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability

(2) VBDDP is A4 and B4 pins, L1 is A5 and B5 pins, L2 is A7 and B7 pins, and DDGNDP is A6 and B6 pins.

(3) Pinis VTCXO with respect to GND3. Pins are VGGE1_V28, VGGE2_V28, and VGGE3_V28 with respect to GND5. Pin is VOUT with
respect to DDGNDP. Pin is TEST with respect to DDGNDA.

(4) Pins are CCLK, CDATA, CSTB, TSPCLK, TSPDIN, TSPEN, CRESET, WRFON, TXON, TXONFST, TBNDSEL1, TBNDSEL2,
SYSCLK_EN and SYSCLK_EN2 with respect to GND2.

(5) Pins are AFC, PAVREF1, PAVREF2, and PAVREF3 with respect to GND1. Pins are SIN_SYSCLK1, SIN_SYSCLK2 and
SIN_SYSCLKS3 with respect to GND6.

(6) LDO and SW OUTPUT are V11_V28TX, PA_VDD, V12_V28RX, V_LNA_FEM, V15_V18A , V13_V28A, VTCXO, VGGE1_V28,
VGGE2_V28 and VGGE3_V28.

DISSIPATION RATINGS®

MAX POWER DISSIPATION DERATING FACTOR
PACKAGE Reaa AT T, = 25°C Ta < 25°C
ZQE 51.23°C/W 1.95W 19.52 mw/°C

(1) Test board conditions

« JEDEC High-K (2S2P) board used

« 3x3 inch, 4 layer

« 1 oz copper ground/power trace in the PCB
« 2 0z copper trace on the top/bottom of the PCB
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RECOMMENDED OPERATING CONDITIONS

MIN TYP MAX UNIT
Vvio Supply voltage to VIO1V8 input 1.746 1.924 \%
Supply voltage to VBNL1 input 3.1 4.5 \%
Supply voltage to VBN2 input 3.1 4.5 \%
Supply voltage to VBN3 input 3.1 4.5 \%
VBAT® Supply voltage to VBN4 input 3.1 45 \%
Supply voltage to VBN5 input 3.1 4.5 \%
Supply voltage to VBDDP input 3.1 4.5 \%
Supply voltage to DDINA input 3.1 4.5 \%
VROM Supply voltage to VEEPROM input (EEPROM WRITE VOLTAGE) 13 14 15 \%
NROM Acceptable number of EEPROM writings (@ 10| times
Covrer1® Output capacitor at VREF1 0.01 uF
Covrer2® Output capacitor at VREF2 0.1 uF
Couteker® Output capacitor at VOUT 10 uF
LioBkBT Inductor at L1 and L2 2.2 uH
Cerrexer® Phase compensation at ERR 0.001 uF
Covi1® Output capacitor at V11_V28TX 1 uF
Cov12® Output capacitor at V12V28R 1 uF
Coviz® Output capacitor at V13_V28A 1 uF
Covi5® Output capacitor at V15_V28A 1 uF
Coveeer® Output capacitor at VGGE1_V28 1 uF
Coveee2® Output capacitor at VGGE2_V28 1 uF
Coveees® Output capacitor at VGGE3_V28 1 uF
Covrexo® Output capacitor at VTCXO 1 uF
Cinsyscik® Input capacitor at SYSCLK_IN 0.01 uF
Cosn1® Output capacitor at SIN_SYSCLK1 0.001 uF
Cosmnz® Output capacitor at SIN_SYSCLK2 0.001 uF
Cosmnz® Output capacitor at SIN_SYSCLK3 0.001 uF
Ta Operating ambient temperature -30 85 °C
T, Operating junction temperature -30 125 °C

(1) VBNL1, VBN2, VBN3, VBN4, VBN5, VBDDP and DDINA are the same supply voltage range for VBAT.
(2) This defines the number of customer's writings after shipment from TI.
(3) B characteristics capacitor
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ELECTRICAL CHARACTERISTICS

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

ILOAD =400 mA to 150 mA

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
BUCK BOOST DC/DC CONVERTER
PABIAS1 pin = 2.414 V 0.8
Vo@kaT) Output voltage PABIASL1 pin = 1.407 V 2.5 \%
PABIASL1 pin = 0.400 V 4.2
Maximum output mA
loexer) current® 550
VBAT = 3.8 V, | oap = 10 PA, PABIAS1 pin 50 50
voltage accuracy = #0 mV at T = 25°C
VoekeT acc) Output voltage accuracy - mVv
- VBAT = 3.8V, | oap = 10 A, PABIAS1 pin
= @ -80 80
voltage accuracy = 0 mV
Isp(ekeT) Shutdown current VBDDP pin and DDINA pin at T = 25°C 1| pA
. DDINA pin, I, oap= 0 MA, PABIAS1 pin = 1.4V,
locexem) Quiescent current No External Component, device is not switching 08 3| mA
VREG Line Regulation® VBAT =3.1Vt0 4.5V, | oap = 400 MA 20 40| mv
IREG Load Regulation® ILoap = 10 YA to 400 mA 20 40| mv
VBAT =2 4.0 V, VO(BKBT) =35 V, ILOAD =270 mA 93%
VBAT > 3.1 V, VO(BKBT) =4.0 V, ILOAD =270 mA 90%
EfﬁCienCy(z) VBAT =23.1V, VO(BKBT) =25V, ILOAD =150 mA 90%
VBAT > 3.1 V, VO(BKBT) =1.6 V, ILOAD =90 mA 80%
VBAT > 3.1 V, VO(BKBT) =1.0 y ILOAD =65 mA 70%
fs Switching frequency 1.2 15 1.8| MHz
Max Duty Boost Mode 40% 50% 60%
P-channel MOSFET on
Ros(onp resistance 150 maQ
N-channel MOSFET on
Ros(onn resistance @ 150 ma
Output ripple voltage @ Voeker) = 0.8V ~ 4.2V, | oap = 10 MA ~ 400 mA 100 | mVpp
VBAT =4.2V, VO(BKBT) =1Vto4dV,
ILOAD =100 mA 25 50 HS
VBAT =4.2 V, VO(BKBT) =4VtolV,
lLoap = 400 MA to 20 MA 25 501 ms
VBAT = 4.2V, Vygkar) = 1 V10 1.5V,
ILOAD =20 mA 25 50 HS
' VBAT_: 4.2 V, VO(BKBT) =2Vto25 V, 25 50 us
Output voltage settling lLoap = 50 mA
time of buck mode®® | VBAT = 4.2 V, Vygyar) = 3.5 V10 4 V,
_ 25 50 us
ILOAD =150 mA
VBAT =4.2 V, VO(BKBT) =15VtolV,
lLoap = 150 MA to 20 MA 25 501 ms
VBAT = 4.2 V, Vyggar) = 2.5 V10 2V,
ILOAD =200 mA to 50 mA 25 50 HS
VBAT =4.2 V, VO(BKBT) =4Vto35 V, 25 50 us

(1) Using the reference EVM.
(2) Not production tested. Specified by using the reference EVM.
(3) Settling time measures 0.2 V of the target Vo @ggar) Voltage
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —=30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 = 1.85 V at T, = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VBAT = 3.1V, Vogkar) = 1 V10 4.2V,
lLoan= 100 mA 501 ms
VBAT =3.1V, Vogkemy =4.2VtolV, 50 us
Output voltage settling ILoap = 400 mA to 20 mA
time of boost mode @ ®) VBAT =3.1V, Voeker) =35V 1042V, 50 s
lLoap = 400 MA H
VBAT = 3.1V, Vogkar) = 4.2 V10 3.5V, 50l us
lLoap = 400 MA to 150 mA H
VBAT = 4.2 V, VO(BKBT) =1 V, ILOAD =0 mA
0 100 MA, Irgfie = 1 pis 200| mv
, VBAT = 4.2V, Voeksn = 2 V, | oap = 0 MA
Output voltage shift peak | 15 400 mA. |TR/|TF(= 1 Eis 200 mv
voltage value (changed
load current)(@) VBAT = 4.2V, Vogkgr) = 3.5V, lLoap = 0 MA 200! mv
to 400 mA, ltg/lte =1 ps
VBAT = 3.1V, Voygker) = 4.2 V, I oap = 0 MA
to 400 MA, Irg/le = 1 s 250) mvy
VBAT = 4.2 V, VO(BKBT) =1 V, ILOAD =0 mA 35 us
to 100 mA, ltg/lte =1 ps
VBAT = 4.2 V, Vg = 2 V, lLoap = 0 MA 35| s
to 400 mA, ITRIITF =1 us
VBAT = 4.2 V, VO(BKBT) =35 V, ILOAD =0 mA 35 us
Output voltage shift 10 400 mA, Irgflre = 1 ps
convergence time VBAT = 4.2V, Voikery = 4 V, lLoap = 0 MA 35 s
(changed load to 400 mA, Itr/ltg = 1 ps H
A (5)
current) VBAT = 3.1V, Vo@ken =42 V, lLoap = 0 MA 35| s
10 400 MA, lp/lte = 1 Us H
VBAT = 3.1V, Vogkear) = 4.2 V, lLoap = 0 MA 35| s
t0 400 MA, Irg/lte = 1 ps H
VBAT = 3.1 V, VO(BKBT) =34 V, ILOAD =0 mA 35 s
10 400 MA, lflte = 1 s H
RpABIASL PABIASL input 100 200 K
impedance
Short circuit pI’OteCtion . VO BKBST VO BKBST' VO BKBST
Vscp voltage ® Vogken 80% detection CTon  Sgon oo Vv
SCP monitor mode count | Vo@ker) < Voeker)* 80% 05 ms
¢ time '
scp
. Output P-channel MOSFETSs are OFF,
SCP mode count time Vogxer orce to 0 V 8 ms
| Current limit protection® | VBAT = 3.8 V, Cogkar = 10 UF, Ligkat = 2.2 HH, 15 A
CL(BKBT) Cerriakat = 1 NF, T4 = 25°C '
VO(BKBT) =08V-~42V, ILOAD =400 mA,
r[PSCNTDC/DC]"= 1, 500| ps
] TXONFST pin = 0V to Vy;o, VOUT 0.2 V
tss Soft start ramp up time )
VO(BKBT) = 08 V~42V, ILOAD =400 mA,
TXONFST pin = Vy,0, fPSCNTDC/DC] = 0 to 1, 660 | us
VOUT 0.2 V

(4) Not production tested. Specified by using the reference EVM.

(5) Convergence time measures 0.1 V of the target Voggar) vVoltage
(6) Tested at VO(BKBT) =25V
(7) r[PSCNTDC/DC] is a name of register command by serial interface.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN  TYP MAX| UNIT

V11_V28TX (LOW DROPOUT OUTPUT)
Vo1 Output voltage I oapv1iz) = 10 MA 2.79 2.85 2.92 \

. PA_VDD is off 130
loviy Maximum output current - mA

PA_VDD is on, I oappa vpp) = 20 mA 110

Vowi1_acc) Total output accuracy @) —4% 4%
leLvity Current limit protection Vo) =0V 170 280 mA
VsaT(viy) Output saturation voltage 0.3 \Y
Ispvi1) Shutdown current® VBN4 pin at T, = 25°C 1| pA

VBN4 pln ILOAD(Vll) 0 mA at TA 25°C V12 V28RX

lovay Quiescent current V13 V28A and V15 V18A are off 40 60| pA

VREG(Vll) Line I'egulation Vf?AT 3.1V ~45 V ILOAD(Vll) 130 mA PA VDD is 0.1 0.4 %IV
0

IREG(V11) Load regulation(®) lLoap(vi) = 10 PA to 130 mA PA_VDD is off 50 100 mv
| =10 pPAto 130 mA, lt1g =1 us 135 165

ltrevi1) Load Transient®)® LoaDvay) = 2O M TR H mv
ILOAD(Vll) =130 mAto 10 HA ITF =1 us 135 210
VBAT = 3.8 V FRlPPLE =1 kHZ ILOAD(Vll) 130 mA

_ 60 dB
PSRR Power supply ripple PA_VDD is off
Vi) rejection®® VBAT = 3.8V, FrippLe = 100 kHz, I oapva1) = 130 mA, 45 B

PA_VDD is off

Vonwii) Output noise ® lLoapviz) = 5 MA, PA_VDD is off, 10 Hz to 100 kHz 30 pvrms
VO(Vll) > 90% ILOAD(Vll) 10 uA to 130 mA

tsTvia) Startup time ©) rIPSCNT11]® = 1 and WRFON pin = 0 V to Vy,g or 500| s

WRFON pin = Vy,g and r[PSCNT11] =0 to 1

o Vovi1) > 10%, loapvaz) = 10 mA-
trvin) Output voltage falling ime® | [PSCNT11]® = 1 and WRFON pin = Vg to 0 V or 5/ ms
WRFON pin = Vo and r[PSCNT11] =1to 0

PA_VDD

Vi1l V28TX is on, ILOAD(PA VDD) = =20 mA,
I oabviz) = 0 MA
lo(pA_vDD) Maximum output current V11 V28TXis on 20| mA

Vopa_vopy  Output voltage 2.74 2.84 2.9 \%

Vora_vop) > 90%, l.oappa vop) = 0 MA,
VIO1V8 pin = Vy,0 and WRFON pin = VVIO
tstpa_vop)  Startup time rPSCNTT3V](™ =1 and 5| us
TXONFST pin = 0V t0 Vy,o, of TXONFST pin = Vo
and rffPSCNTT3V] =0to 10

o Voea_vop) < 10%, I oapea vop) = 0 MA,
tr(PA_vDD) Output voltage falling time TXONFST pin = Vy,po to 0 V, or WRFON pin = Vy,g to 15 ms
0 V®), or [PSCNTT3V] = 1 to 0©

(1) Total accuracy includes line and load regulation, temperature and process condition. It does not include load and line transients

(2) Shutdown current include V12_V28RX, V13_V28A and V15_V18A2

(3) Not Production tested. Specified by using the reference EVM.

(4) The margin up to 2.7 V extends to the output voltage if COV11 is changed into 4.7 u F. Specified by using the reference EVM.

(5) Ripple voltage = 0.1 Vpp

(6) r[PSCNT11] is the name of a register command by serial interface.

(7) r[PSCNTT3V] is the name of a register command by serial interface. The name of the switch is a T3V, and the name of the output pin is
PA_VDD.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V12_V28RX (LOW DROPOUT OUTPUT)
Normal mode output voltage | I oapvi2) = 10 mA 2.79 2.85 292
Voi2) Low power mode output lLoapviz)= 1 MA 2.79 2.85 291 v
voltage
Normal mode Maximum V_LNA_FEM is off 95| mA
lowiz, output current V_LNA_FEM is on, | oap Lna_FEm) = 30 MA 65 mA
Low power mode maximum | V_LNA_FEM is off
5 mA
output current
Voviz_Acc) Total output accuracy®) —4% 4%
lcLviz) Current limit protection (@ Vowiz) =0V 160 270 mA
VsaT(vi2) Output saturation voltage @) 0.3 \Y
Ispvi2) Shutdown current® VBN4 pin at T = 25°C 1 HA
Normal mode quiescent VBN4 pin, I oapv12) = 0 MA at Tp = 25°C 40 60
| current V11 _V28TX, V13 V28A and V15_V18A are off A
Qv12) Low power mode quiescent | VBN4 pin, | oapv12) = 0 MA at Tp = 25°C 192 3 "
current V11 V28TX, V13_V28A and V15_V18A are off '
. . VBAT =31V ~45V,I =95 mA
@ ] » ILoAD(v12) , 9
VREG(V12) Line regulation V_LNA_FEM is off 0.1 0.4 %6/
IREG(V12) Load regulation(®4) ILoapviz) = 10 HA to 95 mA, V_LNA_FEM is off 50 100 mv
| =10 pAto 95 MA, I;g =1 ps 130 160 mVv
Itrv12) Load Transient@ ) ®) LOAD(V12) ! wr=-H
ILOAD(VlZ) =95 mAto 10 HA, ITF =1 us 130 160 mV
VBAT = 3.8 V, FRlPPLE =1 kHZ, ILOAD(VlZ) =95 mA, 60 dB
PSRR Power supply ripple V_LNA_FEM is off
(v12) rejection@ @) ©) VBAT = 3.8V, Fgpp,e = 100 kHz, 45 B
ILOAD(VlZ) =95 mA, V_LNA_FEM is off
. | =5mA, V_LNA_FEM is off
@) LOAD(V12) » V_LNA_ )
Vonwi2) Output noise 10 Hz 10 100 kHz 30 puvrms
VO(VlZ) > 90%, ILOAD(VlZ) =10 uA to 95 mA
tsTviz) Startup time VIO1V8 pin =0 V to Vy,q, or VIO1V8 pin = Vy,p and 500 us
WRFON pin = Vy,q and r[PSCNT12](M =0to 1
. . V <10%, | =0mA
@ | Vovi2) )%, lLoAD(v12) ,
tr12) Output voltage falling timet | KI57\/g bin = Voo to 0 V, or [PSCNT12] = 1 to 0 5/ ms
V_LNA_FEM
Vo Lna Femy  Output voltage @ V12 V28RX is on lLoap(v_tna_rem) = 30 MA, 271 283 289 Y,
A lLoap(viz) = 0 MA
lov_ LNA FEM)  Maximum output current(@ V12_V28RX is on 30 mA
) Vo LNA_FEM) > 90%, I oap(v LA _FEM) = 0 MA,
TsT(v_LNA_FEM)  Startup time@®) rPSCNT12] = 1 and r[PSCNTR3V]®) =1 and 5 us
WRFON pin = 0 V to Vyq
\</OI(OViIil/\b8A_EEM) T/lo%’ %C{;\D(V_LNA_FEM) =0mA
ing time®@ |+ pin =Vy,pto 0V, or
Trv_na_Fem)  Output voltage falling time H{PSCNT12] = 1 t0 0@, or 15 ms
r[PSCNTR3V] = 1to 0¥

(1) Total accuracy includes line and load regulation, temperature and process condition. It does not include load and line transients
(2) Normal mode operation
(3) Shutdown current include V11_V28TX, V13_V28A and V15_V18A
(4) Not Production tested. Specified by using the reference EVM.
(5) The margin up to 2.7 V extends to the output voltage if COV12 is changed to 4.7 pF. Specified by using the reference EVM.
(6) Ripple voltage = 0.1 Vpp
(7) r[PSCNT12] is a name of register command by serial interface. [PSCNTR3V] is a name of register command by serial interface. The
name of switch is a R3V and the name of output pin is V_LNA_FEM.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V13_V28A (LOW DROPOUT OUTPUT)
v Normal mode output voltage lLoap = 10 MA 279 285 292 v
0(v13) Low power mode output voltage lLoap = 1 MA 279 285 2091
Normal mode maximum output 50
mA
| current
O(v13) Low power mode maximum output 2 mA
current
Vois acc) Total output accuracy® —4% 4%
IcLvia) Current limit protection(® Voiz =0V 100 210 mA
VsaT(vis) Output saturation voltage 0.3 Y
Ispvi3) Shutdown current(®) VBN4 pin at Ty = 25°C 1 A
VBN4 pin, ILOAD =0 mA at TA =25°C
Normal mode quiescent current V11 _V28TX, V12_V28RX and V15_V18A are 40 60
off
| A
Qv13) VBN4 pin, I oap = 0 MA at T, = 25°C "
Low power mode quiescent current | V11 V28TX, V12_V28RX and V15_V18A are 1.2 3
off
VREG(V13) Line I’egulation(z) VBAT=3.1V~45V, ILOAD =50 mA 0.1 0.4 %IV
IREG(V13) Load regulation@®) ILoap = 10 pA to 50 mA 50 100 mvV
| =10 yJAto 50 mA, ltg =1 ps 110 150 mV
lTrev13) Load transient®®) LOAD H R=-H
lLoap = 50 MA to 10 A, Itg = 1 us 110 150 mv
. VBAT =38V, FR|PPLE =1 kHZ, ILOAD =50 mA 60 dB
PSRR Power supply ripple
V13)  rejection@ @) VBAT = 3.8V, FrippLe = 100 kHz, a5 dB
ILOAD =50 mA
Vonwia) Output noise @ ®) lLoap = 5 MA, 10 Hz to 100 kHz 30 pvrms
VO(V13) > 90%, ILOAD =10 IJA to 50 mA y
. VIO1V8 pin = 0 V to Vy,o, or VIO1V8 pin = V,
)4 ) VIO VIO
tsT(v13) Startup time and WRFON pin = Vi and [PSCNT13]®) = 0 5001 ms
tol
. . V, < 10%, | =0 mA, VIO1V8 pin =V
@) o(V13) » ILoAD : VIO
trvi3) Output voltage falling time t0 0V, or [PSCNT13] = 1 to 0 5 ms

(1) Total accuracy includes line and load regulation, temperature and process condition. It does not include load and line transients
(2) Normal mode operation
(3) Shutdown current include V11_V28TX, V12_V28RX and V15_V18Al
(4) Not production tested. Specified by using the reference EVM.

(5) Ripple voltage = 0.1 Vpp
(6) r[PSCNT13]is a name of register command by serial interface.
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ELECTRICAL CHARACTERISTICS (continued)
Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V15_V18A (LOW DROPOUT OUTPUT)
v Normal mode output voltage lLoap = 5 MA 181 185 1.89 v
O(v15) Low power mode output voltage lLoap = 1 MA 181 185 1.89
Normal mode maximum output 15
mA
| current
O(v15) Low power mode maximum output 2 mA
current
Vovis_acc) Total output accuracy @ —4% 4%
IcLvis) Current limit protection(® Vois) =0V 60 170 mA
VsaT(vis) Output saturation voltage 0.3 Y
Ispvis) Shutdown current(®) VBN4 pin at Ty = 25°C 1 A
VBN4 pin, ILOAD =0 mA at TA =25°C
Normal mode quiescent current V11 _V28TX, V12_V28RX and V13_V18A are 40 60
off
| A
QAv15) VBN4 pin, I oap = 0 MA at T, = 25°C "
Low power mode quiescent current | V11 V28TX, V12_V28RX and V13_V18A are 1.3 3
off
VREG(V15) Line I’egulation(z) VBAT=3.1V~45V, ILOAD =15 mA 0.1 0.4 %IV
IREG(V15) Load regulation@®) lLoap = 10 pA to 15 mA 50 100 mvV
| =10 yAto 15 mA, ltg =1 ps 70 100 mV
lTrev1s) Load transient®®) LOAD H R=-H
ILOAD =15mAto 10 HA, ITF =1 us 70 100 mV
. VBAT =38V, FR|PPLE =1 kHZ, ILOAD =15 mA 60 dB
PSRR Power supply ripple
V15 rejection@@®) VBAT = 3.8V, FrippLe = 100 kHz, 45 dB
ILOAD =15 mA
Vonis) Output noise @ ®) lLoap = 5 MA, 10 Hz to 100 kHz 30 pvrms
VO(V15) > 90%, ILOAD =10 IJA to 15 mA
. VIO1V8 pin = 0 V to Vy,o, or VIO1V8 pin = V,
2@ / VIO VIO
tsT(vis) Startup time and WRFON pin = V0 and 500 us
PSCNT15]® = 0to 1
. . V, < 10%, | =0 mA, VIO1V8 pin =V
o) O(V15) » ILoAD : VIO
trvis) Output voltage falling time t0 0V, or [PSCNT15] = 1 to 0 5 ms
VBAT UNDERVOLTAGE ELECTRICAL CHARACTERISTICS(®)
Normal mode output voltage 1.85 Y
Vois) 27V <VBAT<3.1
Low power mode output voltage 1.85 Y

(1) Total accuracy includes line and load regulation, temperature and process condition. It does not include load and line transients

(2) Normal mode operation

(3) Shutdown current includes V11_V28TX, V12_V28RX, and V13_V28A
(4) Not production tested. Specified by using the reference EVM.

(5) Ripple voltage = 0.1 Vpp

(6) r[PSCNT15] is a name of register command by serial interface.

(7) V15 LDO is the only functional operation. The electrical characteristics are typical, but not specified.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
VGGE1_V28 (LOW DROPOUT OUTPUT)
v Normal mode output voltage lLoap = 10 MA 279 285 292 v
o(ve1) Low power mode output voltage lLoap = 1 MA 279 285 2091
Normal mode maximum output 150 mA
| current
oven Low power mode maximum output 2 mA
current
Vo1 acc) Total output accuracy® —4% 4%
lcLve Current limit protection(® Vowey =0V 230 320 mA
Vsativeyy ~ Output saturation voltage ) 0.3 Y
Ispva1) Shutdown current(®) VBNS pin at Ty = 25°C 1 A
. VBN5 pin, ILOAD =0 mA at TA =25°C
Normal mode quiescent current VGGE2 V28, and VGGE3_V28 are off 40 60
lavey VBNS pin, I oap = 0 MA at T, = 25°C hA
i s ILoAD = A=
Low power mode quiescent current VGGE2 V28, and VGGE3_V28 are off 1.2 3
VREG(VGI) Line I’egulation(z) VBAT=3.1V~45V, ILOAD =150 mA 0.1 0.4 %IV
IREG(VG1) Load regulation@®) lLoap = 10 pA to 150 mA 50 100 mvV
| =10 pAto 150 mA, ltg =1 ps 145 180 mV
ltreve1) Load transient®®) () LOAD H RELH
lLoap = 150 MA to 10 pA, g = 1 s 145 230 mv
. VBAT =38V, FR|PPLE =1 kHZ, ILOAD =150 mA 60 dB
PSRR Power supply ripple
(VG1) rejection(@“®) VBAT = 3.8V, FrippLe = 100 kHz, 45 dB
ILOAD =150 mA
Vonwei) Output noise@®) lLoap = 5 MA, 10 Hz to 100 kHz 30 pvrms
Voey) > 90%. loap = 10 A to 150 mA 850 s
REG_EN pin =0 V to VBAT
tstvel) Startup time ) Vowe) > 90%, L oap = 10 pA to 150 mA
REG_EN pin = VBAT and 500 us
PSCNTGGE1](M =0to 1
Output voltage falling time ) Vower < 10%, I opp = 0 MA, REG_EN pin =
trvel) VBAT to 0 V, or REG_EN pin = VBAT and 5 ms
PSCNTGGE1] = 1 to 0
VBAT UNDER VOLTAGE ELECTRICAL CHARACTERISTICS®)
Normal mode output voltage 2.85 Vv
Vowe) 3V <VBAT<3.1
Low power mode output voltage 2.85 Vv

(1) Total accuracy includes line and load regulation, temperature and process condition. It does not include load and line transients
(2) Normal mode operation

(3) Shutdown current include VGGE2_V28 and VGGE3_V28.

(4) Not Production tested. Specified by using the reference EVM.

(5) The margin up to 2.7 V extends to the output voltage if COVGGEL is changed to 4.7 uF. Specified by using the reference EVM.
(6) Ripple voltage = 0.1 Vpp

(7) r[PSCNTGGEL1] is a name of register command by serial interface.

(8) VGGE1_V28 LDO is the only functional operation. The electrical characteristics are typical, but not specified.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
VGGE2_V28 (LOW DROPOUT OUTPUT)
v Normal mode output voltage lLoap = 10 MA 279 285 292 v
o(vez) Low power mode output voltage lLoap = 1 MA 279 285 2091
Normal mode maximum output 150 mA
| current
ove2) Low power mode maximum output 2 mA
current
Voe2 acc) Total output accuracy @ —4% 4%
lcLve2) Current limit protection(® Vvez) =0V 230 320 mA
Veat(vG2) Output saturation voltage 0.3 Y
Ispva2) Shutdown current(®) VBNS pin at Ty = 25°C 1 A
Normal mode quiescent current xgg?zgm\’/;'-so‘\:n; SénéEeg -(;‘22 ife(c:n‘f 40 60
o) VBN pin, loso = 0 MA at T = 25°C HA
Low power mode quiescent current VGGEE \’/ZEBOA;na VGGE3 \?25 are off 1.2 3
VREG(VGZ) Line I’egulation(z) VBAT=3.1V~45V, ILOAD =150 mA 0.1 0.4 %IV
IREG(VG2) Load regulation@®) lLoap = 10 pA to 150 mA 50 100 mvV
| =10 pAto 150 mA, ltg =1 ps 145 180 mV
ltrevG2) Load transient®®) () LOAD H RELH
ILoap = 150 MA to 10 pA, g = 1 s 145 230 mv
. VBAT =38V, FR|PPLE =1 kHZ, ILOAD =150 mA 60 dB
PSRR Power supply ripple
(VG2) rejection(@“®) VBAT = 3.8V, FrippLe = 100 kHz, 45 dB
ILOAD =150 mA
Vonwe2) Output noise@®) lLoap = 5 MA, 10 Hz to 100 kHz 30 pvrms
VO(VGZ) > 90(%)Y ILOAD =10 HA to 150 mA, 850
REG_EN pin = 0V to VBAT
tstve2) Startup time ) Voe2) > 90%, L oap = 10 HA to 150 mA, Hs
REG_EN pin = VBAT and 500
MPSCNTGGE2]M =0to 1
Vowez) < 10%, I oap = 0 MA,
A REG_EN pin = VBAT to 0 V, or
@ — ;
trve2) Output voltage falling time REG_EN pin = VBAT and 5 ms
[PSCNTGGE2] = 110 0
VBAT UNDER VOLTAGE ELECTRICAL CHARACTERISTICS®)
\ Normal mode output voltage 2.85 \
owve2) P g 3V <VBAT <3.1
Low power mode output voltage 2.85 Y

(1) Total accuracy includes line and load regulation, temperature and process condition. It does not include load and line transients.
(2) Normal mode operation

(3) Shutdown current includes VGGE1_V28 and VGGE3_V28.

(4) Not Production tested. specified by using the reference EVM.

(5) The margin up to 2.7 V extends to the output voltage if COVGGE?2 is changed to 4.7 uF. Specified by using the reference EVM.
(6) Ripple voltage = 0.1 Vpp

(7) r[PSCNTGGEZ2] is a name of register command by serial interface.

(8) VGGE2_V28 LDO is the only functional operation. The electrical characteristics are typical, but not specified.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
VGGE3_V28 (LOW DROPOUT OUTPUT)
v Normal mode output voltage lLoap = 10 MA 279 285 292 v
o(ves) Low power mode output voltage lLoap = 1 MA 279 285 2091
Normal mode maximum output 100 mA
| current
oves) Low power mode maximum output 2 mA
current
Voes_acc) Total output accuracy® —4% 4%
lcLvaa) Current limit protection(® Vs =0V 170 260 mA
Vsativesy ~ Output saturation voltage ) 0.3 Y
Ispvaa) Shutdown current(®) VBNS pin at Ty = 25°C 1 A
Normal mode quiescent current xgg?zgm\’/;'-so‘\:n; S/énéEazt -(;‘22 ife(c:n‘f 40 60
lawve VBNS pin. I oa0 = 0 mA at To = 25°C WA
Low power mode quiescent current VGGEE \’/ZEBOA;na VGGE2 \?25 are off 1.2 3
VREG(VG3) Line I’egulation(z) VBAT=3.1V~45V, ILOAD =100 mA 0.1 0.4 %IV
IREG(VG3) Load regulation@®) ILoap = 10 PA to 100 mA 50 100 mvV
| =10 pA to 100 mA, ltfgr =1 ps 140 170 mV
lTrvG3) Load transient®®) LOAD H RELH
ILoap = 100 MA to 10 pA, g = 1 s 140 230 mv
. VBAT =38V, FR|PPLE =1 kHZ, ILOAD =100 mA 60 dB
PSRR Power supply ripple
(VG3)  rejection@ @) VBAT = 3.8V, FrippLe = 100 kHz, a5 dB
ILOAD =100 mA
Vonwes) Output noise@®) lLoap = 5 MA, 10 Hz to 100 kHz 30 pvrms
VO(VG3) > 90(%)Y ILOAD =10 HA to 100 mA, 850
REG_EN pin = 0V to VBAT
tsTves) Startup time ) Voes) > 90%, L oap = 10 HA to 100 mA, Hs
REG_EN pin = VBAT and 500
IPSCNTGGE3]® =010 1
Vowes) < 10%, I oap = 0 MA,
A REG_EN pin = VBAT to 0 V, or
@ — ;
trvea) Output voltage falling time REG_EN pin = VBAT and 5 ms
[PSCNTGGE3] =110 0
VBAT UNDERVOLTAGE ELECTRICAL CHARACTERISTICS(®)
\ Normal mode output voltage 2.85 \
orve3) P g 3.0V <VBAT<3.1
Low power mode output voltage 2.85 Y

(1) Total accuracy includes line and load regulation, temperature and process condition. It does not include load and line transients.
(2) Normal mode operation

(3) Shutdown current includes VGGE1_V28 and VGGE2_V28.

(4) Not production tested. Assured by using the reference EVM.

(5) Ripple voltage = 0.1 Vpp

(6) r[PSCNTGGES3] is the name of register command by serial interface.

(7) VGGE3_V28 LDO is the only functional operation. The electrical characteristics are typical, but not specified.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
VTCXO (LOW DROPOUT OUTPUT)
Voxo) Output voltage lLoap = 5 MA 279 285 592 v
lovxo) Maximum output current ol A
Voxo_acc) Total output accuracy @) 1% %
lcLvxo) Current limit protection Vowxoy =0V 30 90 A
Vsatvxoy ~ Output saturation voltage 03 v
Ispvxo) Shutdown current VBN3 pin at Ty = 25°C 1 UA
lovxo) Quiescent current VBNS3 pin, I oap = 0 MA at T, = 25°C 20 60 A
VREG(VXO) Line regulation ILoap = 20 MA o1 04 v
IReG(VXO) Load regulation (@) lLoap = 10 pA to 20 mA 50 100 —y
. lLoap = 10 pA t0 20 MA, It =1 ps 100 110 mvV
ltrvx0) Load transient®
ILOAD =20 mAto 10 lJ.A, ITF =1 us 100 110 mV
VBAT_: 3.8V, FRlPPLE =1 kHz, 0 i
. . . lLoap = 20 mA
PSRRyxoy Power supply ripple rejection(® )
VBAT = 3.8 V, FrippLe = 100 kHz, a5 B

ILOAD =20 mA
Vonwxo) Output noise @ lLoap =5 MA, 10 Hz to 100 kHz 30 § Vrms

’ V > 90%, | =10 pA to 20 mA
(@) O(VX0) » ILoAD
tsTvxo) Startup time SYSCLK_EN pin = 0 V to Vo 400 us
L V <10%, | =0 mA
()] O(VXO0) » lLoAD )
trvxo) Output voltage falling time SYSCLK_EN pin = Vyo t0 0 V 5 ms
VBAT UNDERVOLTAGE ELECTRICAL CHARACTERISTICS®)
3.0V<VBAT<3.1 2.85 \Y
V Output voltage
O(VX0) p g 27V < VBAT < 3.0 VBAT v
—VsaT(vx0)

(1) Total accuracy includes line and load regulation, temperature and process condition. It does not include load and line transients.
(2) Not production tested. Specified by using the reference EVM.

(3) Ripple voltage = 0.1 Vpp

(4) VTCXO LDO is the only functional operation. The electrical characteristics are typical, but not specified.
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ELECTRICAL CHARACTERISTICS (continued)
Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
PAVREF (D/A CONVERTER))
Resolution 8 bit
DNL eDri?(‘)err((ze)ntial non-linearity _ LSB
INL Integral non-linearity error(® - LSB
Monotony Increase @ Specified
Full scale code digital input, I, oap =5 MA 285 290 295
Vo(pAVREF) Output voltage Zero scale code digital input, I, oap =5 MA 0.90 0.95 1.0 Y
Input code = F8h, I gap =5 MA 280 285 290
lo(PAVREF) Maximum output current 5 mA
ISD(PAVREF) Shutdown current® VBNL1 pin at T, = 25°C 1 PA
loeavReD Quiescent current® ;/eBtNl pin, I oap = 0 MA at T, = 25°C, Default code 900 1500 UA
TXONFST pin = Vi, TXON pin = Vy0,
Settling time1(?) C, =130 pF, Zero scale code to full scale code 5 us
{SET(PAVREF) (95%) - -
TXONFST pin = Vy,g, TXON pin = Vyq,
Settling time2(2) C, =130 pF, Full scale code to zero scale code 5 us
(5%)
tsT(PAVRER) Startup time lﬁ?chZTQéTczZ]e:(s\;/é%and TXON pin =0 V to Vyo, 5 s
tr(PAVREF) Output voltage falling time TXON pin = Vy,poto 0 V 15 us
VON(PAVREF) Output noise @ Default code, I, opp = 0 MA 80 pvrms
PSRR pavreF) 2?;‘::‘:{0?2",’(’5'}’ ripple FrippLe = 100 Hz, 1, oap = 5 MA, Full scale code 75 dB
Ro(ravREF) Output impedance TXONFST pin = Vy,0, TXON pin = Vy,o 20 Q
RppPAvREF) Pull down resistance TXON pin=0V 100 Q
C. Capacitance load 130 pF

(1) Output pin is PAVREF1, PAVREF2 or PAVREF3. Output pin can be selected by TBNDSEL1 and TBNDSE?2 pin. More detail is given in

PAVREF section.

(2) Not production tested. Specified by using the reference EVM.
(3) REG_EN pin = Low, includes reference block and AFCDAC
(4) Includes power consumption of the reference block.

(5) Ripple voltage = 0.1 Vpp
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ELECTRICAL CHARACTERISTICS (continued)
Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
AFCDAC (D/A CONVERTER)
Resolution 12 bit
DNL eDriI:)err((le)ntial non-linearity 1 1 LSB
Monotony increase Specified
Full scale code digital input 24 245 25 Y
Vo(arc) Output voltage Zero scale code digital input 0.2 0.25 0.3 Y,
Input code = 80h 13 135 1.4 Y
Isp(arFc) Shutdown current® VBNL1 pin at T, = 25°C 1 PA
lomrc) Quiescent current(®) VBNL1 pin, I oap = 0 MA at T, = 25°C, Default code set 220 260 PA
I{PSCNTAFC] ¥ = 1 and SYSCLK_EN pin = Vo, Zero
Settling time1(®) scale code to full scale code (95%) or full scale code to zero 100 us
tserarc) scale code (95%) R, = 100 kQ, Rs =1 kQ, C =0.01 pF
r[PSCNTAFC] = 1 and SYSCLK_EN pin = Vo, Zero scale
Settling time2(®) code to full scale code (95%) or full scale code to zero scale 3.0 ms
code (95%) R, = 100 kQ, Rg = 10 kQ, C=0.1 pF
I[PSCNTAFC] = 1 and SYSCLK_EN pin = 0V to Vy,q, or
SYoCUCEN o = oo EGTAE =00 8 0| s
UF
fstarc) fPSCNTAFC] = 1 and SYSCLK_EN pin = OV to Vg, or
SYocuCEN o = e sd reaTAe =0 5| me
HUF
Ro(arc) Output impedance I[PSCNTAFC] = 1 and SYSCLK_EN pin =Vy,o 20 Q
R. Resistance load 100 kQ
CL Capacitance load 15 pF
VBAT UNDERVOLTAGE ELECTRICAL CHARACTERISTICS®)
2.7 < VBAT < 3.1, Full scale code digital input 2.45
Vo(arc) Output voltage 2.7 < VBAT < 3.1, Zero scale code digital input 0.25 Y
2.7 < VBAT < 3.1, Input code = 80h 1.35

(1) Not production tested. Assured by using the reference EVM.

(2) REG_EN pin = Low, includes reference block and PAVREF.

(3) Includes power consumption of the reference block.

(4) r[PSCNTAFC] is the name of a register command by serial interface.

(5) AFC DAC is the only functional operation. The electrical characteristics are typical, but not specified.
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ELECTRICAL CHARACTERISTICS

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
CLOCK DISTRIBUTION

Input voltage () 0.75 1 Vpp
four Output frequency @ 26 MHz
Voi(cLkb) SYSCLK_IN pin to SIN_SYSCLK1 pin -35 3 _25| dB
Voz(cLkpy | Output gain level @ SYSCLK_IN pin to SIN_SYSCLK2 pin -15 -1 -05 dB
Vo3(cLkD) SYSCLK_IN pin to SIN_SYSCLK3 pin 15 1 _05| dB
IspcLkp) Shutdown current VBN3 pin at Ty = 25°C 1 PA

VBNS3 pin, SIN_SYSCLK1 pin with C; = 15 pF,

Ri; = 3KQ at Tp = 25°C 23 4| mA

VBN3 pin, SIN_SYSCLK1 pin with C,; = 15 pF,
Ry, = 3 kQ and SIN_SYSCLK2 pin with C, = 10 pF, 4.4 65| mA

locLkDp) Quiescent current R(, = 10 kQ at T, = 25°C
VBN3 pin, SIN_SYSCLK1 pin with C,; = 15 pF,
R_; =3 kQ and SIN_SYSCLK3 pin with C,3 = 10 pF, 44 65| mA
RL3 =10 kQ at TA = 25°C
SIN_SYSCLK1 pin with C; = 15 pF, R,; = 3 kQ 40% 60%
Duty cycle in wi = =
y Cy SIN_SYSCLK2 pin w!th Co = 10 pF, R, = 10 kQ 40% 60%
SIN_SYSCLK3 pin with C,3 = 10 pF, R 3 = 10 kQ
1 kHz offset with C_; = 15 pF, R ; = 3 kQ 134 dBc/Hz
Phase noise (") 12.5 kHz offset with C 4 = 15 pF, R,y = 3 kQ 146 dBc/Hz
SIN_SYSCLK1 pin : L= P% R =
100 kHz offset with C_; = 15 pF, R ; = 3 kQ 147 dBc/Hz
1 kHz offset with C_, = 10 pF, R, = 10 kQ 135 dBc/Hz
Phase noise (") 12.5 kHz offset with C,, = 10 pF, R,, = 10 kQ 147 dBc/Hz
SIN_SYSCLK2 pin : L= 0P Ri2=
100 kHz offset with C_, = 10 pF, R, = 10 kQ 149 dBc/Hz
1 kHz offset with C_ 3 = 10 pF, R 3 = 10 kQ 135 dBc/Hz
Phase noise (") 12.5 kHz offset with C,5 = 10 pF, R,s = 10 kQ 147 dBc/Hz
SIN_SYSCLK3 pin : =P Rz =
100 kHz offset with C_ 3 = 10 pF, R 3 = 10 kQ 149 dBc/Hz

SIN_SYSCLK2 pin with C_, = 10 pF, Ry, = 10 kQ,
SIN_SYSCLK2 pin > 90% of final voltage
SYSCLK_EN pin = Vy,p and

tsT2(CLKD) I[PSCNTSYSCLK_GSM]® =1 and SYSCLK_EN2 pin = 10| ps
0V to Vv|o, or

SYSCLK_EN pln = Vyio, SYSCLK_EN2 pln = Vvio and
IPSCNTSYSCLK_GSM]=0to 1@

Startup time ) ——
SIN_SYSCLK3 pin with C 3 = 10 pF, R 5 = 10 kQ,

SIN_SYSCLKS pin > 90% of final voltage
SYSCLK_EN pin = Vy,p and

tsT3(CLKD) IIPSCNTSYSCLK_UMTS]® = 1 and WRFON pin = 0V to 10| us
Vyio, OF

SYSCLK_EN pln = V\/|o, WRFON pln = VV|O and
I{PSCNTSYSCLK_UMTS] =0to 1@

. . 3 4 pF

Rin Input impedance (@) SYSCLK_IN pin
14 18 22 kQ
C. SIN_SYSCKL1 pin 15| pF
Co Capacitive load SIN_SYSCKL2 pin 10 pF
Cis SIN_SYSCKL3 pin 10| pF

(1) Not production tested. Specified by using the reference EVM. Using the external VCTCXO: TCO-5870 [TOYOCOM]
(2) Not production tested. Specified by using the reference EVM.

(3) Buck boost DC/DC converter is OFF

(4) SIN_SYSCLK1 pin startup time depends on the VTCXO LDO startup time.

(5) r[PSCNTSYSCLK_GSM]is a name of register command by serial interface.

(6) r[PSCNTSYSCLK_UMTS] is the name of a register command by serial interface.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —=30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 = 1.85 V at T, = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Ri1 SIN_SYSCKL1 pin 3 kQ
R Resistive load SIN_SYSCKL2 pin 10 kQ
Ri3 SIN_SYSCKLS3 pin 10 kQ
VBAT UNDERVOLTAGE ELECTRICAL CHARACTERISTICS(®)
fout Output frequency 26 MHz
Voe1 2.7V < VBAT < 3.1, SYSCLK_IN pin to SIN_SYSCLK1 -3 daB
Voez Output voltage gain level 2.7V <VBAT < 3.1, SYSCLK_IN pin to SIN_SYSCLK2 -1 dB
Voa3 2.7V < VBAT < 3.1, SYSCLK_IN pin to SIN_SYSCLK3 -1 daB

(7) Clock distribution is the only functional operation. The electrical characteristics are typical, but not specified.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
LOGIC SIGNAL
Vyio Input logic (Schmitt trigger input)®
\m High-level input voltage Vyi0%0.8 Vvio \%
Vi Low-level input voltage 0 Vyi0%0.2 \%
Viys Hysteresis range @ 0.5 \%
(™ High-level input current Input = Vyo -1 HA
I Low-level input current Input=0V -1 HA
Vyio Input logic (CMOS input)®)
\m High-level input voltage Vyi0%0.8 Vvio \%
Vi Low-level input voltage 0 Vyi0%0.2 \%
(™ High-level input current Input = Vy 0 -1 1 HA
I Low-level input current Input=0V -1 1 HA
Vyio Input logic with pull-down resistance (CMOS input)®)
\m High-level input voltage Vyi0%0.8 Vvio \%
Vi Low-level input voltage 0 Vyi0%0.2 \%
Rpp Pull down resistance 70 100 130 kQ
(™ High-level input current Input = Vy 0 10 18.5 30 HA
I Low-level input current Input=0V -1 1 HA
VBAT Input logic (Schmitt trigger input)®
\m High-level input voltage VBATx0.8 VBAT \%
Vi Low-level input voltage 0 VBATx*0.2 \Y
Viys Hysteresis range @ 1 \%
I High-level input current Input = VBAT -1 HA
I Low-level input current Input=0V -1 HA
VIO1V8 Input logic (Schmitt trigger input)®
\m High-level input voltage 1.4 Vvio \%
Vi Low-level input voltage 0 0.3 \Y
Vhys Hys range @ 0.15 0.2 0.28 \%
Vyio Output logic ™
Vou High-level output voltage lour = 2 MA Vyi0%0.8 Vvio \%
VoL Low-level output voltage lour = -2 MA 0 Vyi0%0.2 \
(1) CCLK, CDATA, CSTB, TSPCLK, TSPDIN, TSPEN and CRESET pins.
(2) Not production tested. Specified by using the reference EVM.
(3) WRFON, SYSCLK_EN and SYSCLK_ENZ2 pins
(4) TXON, TXONFST, TBNDSEL1 and TBNDSEL?2 pins
(5) REG_EN pin.
(6) VIO1V8 pin. Note that VIO1V8 is supplies as IO buffer voltage supply, but it works as an enable signal in the start up sequence.

EXT_DC_DC_ON_OFF and CDATA(READ Operation) pin
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ELECTRICAL CHARACTERISTICS (continued)
Over recommended input conditions, T, = —-30°C to 85°C, (unless otherwise noted)
PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX | UNIT
SERIAL INTERFACE TIMING®
CsPI @
teyme CCLK cycle time @ 90 ns
twhme CCLK high level time 20 ns
twime CCLK low level time 20 ns
tos CDATA setup time 20 ns
toH CDATA hold time 20 ns
tsp CSTB input delay time 20 ns
twhms CSTB high level time®) 1.5xtcycm ns
tpsiH CDATA transmission delay time () CLoap = 30 pF 26! ns
CSTB fall edge to CDATA rise edge
. . 3
bt BN O ege | Clono = 00F 26|
tpLH CDATA transmission delay _time CLoap = 30 pF 26 ns
CCLK fall edge to CDATA rise edge
o CDATA transmission delay time CLoap = 30 pF 26 ns
CCLK fall ledge to CDATA fall edge
TSP®
tew TSPCLK cycle time®) 76.9 ns
towh TSPCLK high level time 15 ns
towl TSPCLK low level time 15 ns
tsu TSPDIN setup time 10 ns
th TSPDIN delay time 10 ns
tes TSPEN setup time 10 ns
teh TSPEN hold time 10 ns
t TSPEN rest time® 1xtew ns

(1) Internal logic is able to operate between 2.7 V and 3.1 V. But the buck boost DC/DC Converter, PAVREF and V11_V28TX should be
OFF. Also V12_V28RX, V13_V28A, V15 _V18A, VGGE1_V28, VGGE2_V28 and VGGE3_V28 should be OFF or Low-power mode.

(2) See Figure 88 to show the setup/hold time and pulse width on CSPI interface.

(3) Not Production tested. Specified by using the reference EVM.

(4) See Figure 90 to show the setup/hold time and pulse width on TSP interface.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
VREF1, VREF2(1)
VoRer) gﬁtput voltage of VREFL | o\, bandgap on, Main bandgap on(@ 1.235  1.242 1.248 \%
v Output voltage of VREF2 | Sub bandgap on, Main bandgap on( 1.235  1.242 1.248 %
O(REF2) pin Sub bandgap on , Main bandgap off(®) 1233  1.246 1.258 \%
lsp Shutdown current® VBNL1 pin at T, = 25°C 1| pA
: ) :
I Quiescent current ?ub_bzaSr:(égap on, Main bandgap on{?), VBN1 pin at 53 87 LA
N
- ) -
Sub_bar:dgap on, Main bandgap off®), VBNL1 pin at 17 4 LA
Tp=25°C
REG_EN pin = 0V to VBAT®)
- ' 150 250 S
Covrer1 = 0.01 pF "
tsT(REF1) ) Power up from low power mode to normal mode or
Startup time f[PSCNTDC/DC] = 0 to 166), 60 160| ps
Covrer1 = 0.01 pF
tST(REFZ) REG_EN pln =0V to VBAT(5), COVREFZ =0.1 l.lF 200 350 us
VBAT UNDERVOLTAGE ELECTRICAL CHARACTERISTICS (2.7 V <VBAT <3.1V)
VoRer) gﬁtput voltage of VREFL | o, bandgap on , Main bandgap on(@ 1.242 \%
v Output voltage of VREF2 | Sub bandgap on , Main bandgap on® 1.242 %
O(REF2) pin Sub bandgap on , Main bandgap off(®) 1.246 \%
REG_EN pin = 0V to VBAT®
- ' 300 S
Covrer1 = 0.01 pF W
tsT(REF1) . Power up from Low Power Mode to Normal Mode or
Startup time f{PSCNTDC/DC] = 0 to 1), 200| s
Covrer1 = 0.01 pF
tST(REFZ) REG_EN pln =0V to VBAT(5), COVREFZ =0.1 l.lF 450 us
THERMAL SHUTDOWN ()
THD Shutdown temperature Increasing junction temperature 145 160 175 °C
THD, Releasing temperature Decreasing junction temperature 135 150 165 °C
THDyys Temperature hysteresis 10 °C
HOT DIE DETECTION(®
HDD1 Hot-die detectionl 95 110 125 °C
HDD2 Hot-die detection2 105 120 135 °C
HDD3 Hot-die detection3 115 130 145 °C
HDD4 Hot-die detection4 125 140 155 °C
HDD5 Hot-die detection5 135 150 165 °C
HDDyys Temperature hysteresis 10 °C

(1) VREF1 pin and VREF2 pin must not connect to other devices.

(2) Some block is powered up by a register command which is written from serial interface, or SYSCLK_EN pin, or TXONFST pin is VVIO.
If IPSCNTDC/DC]=0, VREF1 pin is 0 V. More detail is provided in the VREF1, VREF2 Section.

(3) All blocks are powered down by register commands which are written from serial interface and SYSCLK_EN, TXONFST and TXON pins
are OV. Or V12_V28RX, V13_V28A, V15_V18A, VGGE1_V28, VGGE2_V28 and VGGE3_V28 are Low Power Mode, and other blocks
are powered down by register command which is written from serial interface and SYSCLK_EN, TXONFST and TXON pins are 0V.
More detail is given in the VREF1, VREF2 Section.

(4) REG_EN pin = Low, include PAVREF and AFCDAC

(5) Power up sequence by starting from REG_EN pin = 0 V to VBAT. More detail is given in the VREF1, VREF2 Section.

(6) When the Low Power Mode or r[PSCNTDC/DC] = 0, VREF1 pin is powered down. More detail is given in VREF1, VREF2 Section. The
start up of the [PSCNTDC/DC] control is not production tested.

(7) Not production tested. Specified by using the reference EVM.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended input conditions, T, = —-30°C to 85°C, typical values are VBAT = 3.8V, VIO1V8 =1.85V at T, = 25°C
(unless otherwise noted)

QUIESCENT CURRENT
TEST CONDITIONS MIN TYP MAX | UNIT
[e&] [aN] -
a1 S| &8 | & 2| o |8
I p L I L w X<
2 o 4 X < S -~
x|~ | 2|0 | 3| x
n O [
o | 2
® n
IOFF OFF Mode, TA = 25°C Low | Low | Low | Low | Low | Low | Low 1 2 HA
ILPM Low Power Mode, TA = 25°C Hi Hi Low | Low | Low | Low | Low 30 40 HA
12G 2G Mode Hi Hi Low Hi Hi Low | Low 5 8 mA
13G 3G Mode Hi Hi Hi Hi Low Hi Hi 14 18 mA
INC No communication mode Hi Hi Low Hi Low | Low | Low 3 6 mA
BLOCK CONDITION FOR EACH MODE
ol gz lgls | 8lglglglrmele 22|t ]8
[a) @ 0 ) N — > > > O - - —_ . T
Q > Q q > > 4 o I = (@) @] O z =
e < R T I o it S ) %) A = 3
= a H ~ o o o o o % % & 0 @
m ; o > > 0] (O] 0 | | | 0
X > > > > z z Z
= 0 n n
o}
o
>
OFF Mode OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
Power Up Mode OFF | OFF | OFF | LPM | LPM |LPM | ON | ON | ON | ON | ON | ON | OFF | OFF | ON | ON
Low Power Mode OFF | OFF | OFF | LPM | LPM | LPM | LPM | LPM | LPM | OFF | OFF | OFF | OFF | OFF | ON | ON
2G Mode OFF | OFF | OFF | LPM | LPM |LPM | ON | ON | ON | ON | ON | ON | ON | OFF | ON | ON
3G Mode ON | ON | ON | ON | ON | ON |LPM |LPM | LPM| ON | ON | ON |OFF | ON | ON | ON
No communication Mode | OFF | OFF | OFF | LPM | LPM | LPM | LPM | LPM | LPM | ON | ON | ON | OFF | OFF | ON | ON
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PIN ASSIGNMENT

(BOTTOM VIEW)

NC VTCXO AFC SYSCLK_IN | SIN_SYSCLK1 SIN_SYSCLK2 SIN_SYSCLK3 VBN5 NC
H VBN3 NC GND3 GND6 TBNDSEL 2 GND2 GND5 TSPEN VGGE1 _V28
V11_ GND4 TXONFST | TBNDSEL1 NC TSPDIN CSTB CCLK VGGE2 _V28
V28TX
VBN4 PA_VDD TXON CDATA VBN2 VGGE3 _V28
E V12_ V_LNA_ | REG_EN TSPCLK DDGNDA VIO1vs
V28RX FEM
D| V13_V28A | VREF2 SYSCLK TEST VREF1 DDINA
_EN2
c GND1 V15_V18A CRESET EXT_DC_DC_O SYSCLK _EN VEEPROM ERR PABIAS1
N _OFF
B| PAVREF3 VBN1 WRFON VBDDP L1 DDGNDP L2 VOuT PA_FB
A NC PAVREF2 | PAVREF1 VBDDP L1 DDGNDP L2 VOUT NC
1 2 3 4 5 6 7 8 9
TERMINAL FUNCTIONS
TERMINAL
NO PIN NAME® 110 DESCRIPTION
" ADDRESS
1 B3 WRFON | V12_V28RX, V13_V28A and V15_V18A mode control input V11_V28TX,
PA_VDD, V_LNA_FEM and SIN_SYSCLK3 enable input
C6 SYSCLK_EN | VTCXO, AFCDAC, CLOCK DISTRIBUTION enable input
B1 PAVREF3 o} PAVREF output3
4 B2 VBN1 | Power supply of VREF1/VREF2, PAVREF and AFCDAC
5 D3 SYSCLK_EN2 | \e/r?a?)IEeliﬁ\;;ﬁt& VGGE2_V28, VGGE3_V28 mode control input SIN_SYSCLK2
6 C1 GND1 | GND of VREF1/VREF2, PAVREF and AFCDAC
7 Cc2 V15_V18A O | V15_V18A LDO output
8 D1 V13_V28A O | V13_V28A LDO output
9 D2 VREF2 (0] Bandgap buffer output
10 E2 V_LNA_FEM O Output through MOS switch from V12_V28RX LDO
11 El V12_V28RX O | V12_V28RX LDO output
12 F1 VBN4 | Power supply of V11_V28TX, V12_V28RX, V13_V28A and V15_V18A
13 G1 V11_V28TX O | V11_V28TX LDO output
14 F2 PA_VDD (@) Output through MOS switch from V11_V28TX LDO
15 G2 GND4 | GND of V11_V28TX, V12_V28RX, V13_V28A and V15_V18A
16 H1 VBN3 | Power supply of VTCXO
17 H2 NC - No connection (recommended to be GND)
18 J2 VTCXO O | VTCXO LDO output
19 G3 TXONFST | Buck boost DC/DC converter and PAVREF enable input
20 H3 GND3 | GND of VTCXO
21 J3 AFC O AFCDAC output
22 F3 TXON | PAVREF output buffer enable input
23 E3 REG_EN | Enable input
24 J4 SYSCLK_IN | Clock input
25 H4 GND6 | GND of CLOCK DISTRIBUTION
26 J5 SIN_SYSCLK1 (0] Clock outputl of CLOCK DISTRIBUTION
27 H5 TBNDSEL2 | PAVREF switch select 2
28 J6 SIN_SYSCLK2 (0] Clock output2 of CLOCK DISTRIBUTION

(1) GND1, GND2, GND3, GND4, GND5 and DDGNDA are internally connected. GND6 and DDGNDP are separated from these ground
pins. VBN1, VBN2, VBN3, VBN4, VBN5 and DDINA are separated each other.
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TERMINAL FUNCTIONS (continued)

TERMINAL
NO PIN NAME® 110 DESCRIPTION
" ADDRESS
29 G4 TBNDSEL1 | PAVREF switch select 1
30 H6 GND2 | GND of SERIAL INTERFACE, EEPROM and logic
31 J7 SIN_SYSCLK3 e} Clock output3 of CLOCK DISTRIBUTION
32 H7 GND5 | GND of VGGE1_V28, VGGE2_V28, VGGE3_V28
33 J8 VBN5 | Power supply of VGGE1_V28, VGGE2_V28, VGGE3_V28
34 H8 TSPEN | TSP enable input
35 G6 TSPDIN | TSP data input
36 H9 VGGE1_V28 O | VGGE1_V28 LDO output
37 G7 CSTB | CSPI strobe input
38 G9 VGGE2_V28 O | VGGE2_V28 LDO output
39 G8 CCLK | CSPI clock input
40 F7 CDATA I0 | CSPI data input/output
41 F9 VGGE3_V28 O | VGGE3_V28 LDO output
42 F8 VBN2 | Power supply of SERIAL INTERFACE, EEPROM and logic
43 E7 TSPCLK | TSP clock input
44 E9 VIO1v8 | Power supply of 10 buffer and enable input
45 E8 DDGNDA | GND of buck boost DC/DC CONVERTER analog
46 D9 DDINA | Power supply of buck boost DC/DC CONVERTER analog
a7 D8 VREF1 (@) Bandgap buffer output for buck boost DC/DC CONVERTER
48 C8 ERR 10 Buck boost DC/DC converter phase compensation terminal
49 C9 PABIAS1 | Buck boost DC/DC converter output voltage control input
50 D7 TEST (@) Test mode output (recommended to be GND)
51 C7 VEEPROM | Power supply of EEPROM write mode (recommended to be GND)
52 B9 PA_FB | Buck boost DC/DC converter output voltage feed back input
53 B8(=A8) VOUT (@) Buck boost DC/DC converter output (same pin as NO54. A8)
54 A8(=B8) VOUT (@) Buck boost DC/DC converter output (same pin as NO53. B8)
55 B7(=A7) L2 I0 | VOUT side pin of coil (same as NO56. A7)
56 A7(=B7) L2 I0 | VOUT side pin of coil (same as NO55. B7)
57 B6(=A6) DDGNDP | Power GND of buck boost DC/DC CONVERTER (same as NO58. A6)
58 A6(=B6) DDGNDP | Power GND of buck boost DC/DC CONVERTER (same as NO57. B6)
59 B5(=A5) L1 I0 | VBDDP side pin of coil (same as NO60. A5)
60 A5(=B5) L1 I0 | VBDDP side pin of coil (same as NO59. B5)
61 B4(=A4) VBDDP | Power supply of buck boost DC/DC converter (same as NO62. A4)
62 A4(=B4) VBDDP | Power supply of buck boost DC/DC converter (same as NO61. B4)
63 C4 CRESET | SERIAL INTERFACE reset input
64 A3 PAVREF1 e} PAVREF outputl
65 C5 EXT_DC_DC_ON_OFF e} Logic output
66 A2 PAVREF2 e} PAVREF output2
67 G5 NC - No connection (recommended to be GND)
68 Al NC - No connection (recommended to be GND)
69 A9 NC - No connection (recommended to be GND)
70 Jl NC - No connection (recommended to be GND)
71 J9 NC - No connection (recommended to be GND)
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TYPICAL CHARACTERISTICS MEASUREMENT CIRCUIT

VBAT

CINBKBT ——
=100u/68uF ——

L

Py
CINDDINA X
=10uF

Py
CINVBN1 L
=10uF

CINVBN2 L
=10uF

Py
CINVBN3 L
=10uF

CINVBN4 X
=10uF

CINVBNS -
=10uF

CINVIO ma
-wr L

—»

—>
—
<+
—_—
—»
—»
—
—»
—»
—
—»
—»
—
—»
i —
[

NANN

VBDDP
VBDDP

DDINA

VBN1

VBN2

VBN3

VBN4

VBNG

vioivs

PABIAS1

REG_EN
CRESET
CCLK
CDATA
CSTB
TSPCLK
TSPDIN
TSPEN

WRFON
SYSCLK_EN
SYSCLK_EN2
TXONFST
TXON
TBNDSEL1
TBNDSEL2

TEST
VEEPROM

DDGNDP
DDGNDP
DDGNDA
GND1
GND2
GND3
GND4
GND5
GND8

L1
L1

youT
your

PA_FB
ERR

EXT_DC_DC_ON_OFF

VREF1
VREF2
PAVREF1

PAVREF2
PAVREF3

TPS65040

SYSCLK_IN

SIN_SYSCLK1
SIN_SYSCLK2

SIN_SYSCLK3

V11_V28TX

PA_VDD

V12_V28RX

V_LNA_FEM

V13_V28A

V1i5_Vi8A

VGGE1_V28

VGGE2_V28
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Parts Legend:

LIBKBT L1BKBT = TOKO - DE2810C
=2.2ull CINBKBT = SANYO - 8TPE100MPC2
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VCTCXO power supply pin and voltage
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and AFC respectively. For evaluation,
I - > each node is disconnected to measure
COBKBT the performance.
L -1our P
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—
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[ L COVREF2
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———>
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CPAVREF1=0.01uF
I%RLZIOOkohm
X

I CINSTSCLK=0.01uF VCTCX0

| LCOSIN1=0.001uF.
1

LSIN1=15pF
L TrisiNi=3kohm
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=
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—L copavDD
T —0.0220F

L coviz
T —1F

— COVLNAFEM
T =0.022uF

—L coviz
L -1F
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L =1F

—L covGert
L =1uF

—L CovGGE2
T -wr

—L COVGGE3
T —1uF
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TYPICAL CHARACTERISTICS (continued)
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BUCK BOOST/OUTPUT VOLTAGE SETTLING TIME

A
/,/ vout
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/ VOUT=1Vto4.2V

PABIAS1 = 2.3V t0 0.399 V,
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Figure 5.
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V11 V28TX/LOAD REGULATION V11 V28TX/CURRENT LIMIT
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PA_VDD/LOAD REGULATION
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Figure 19.
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VGGE1_V28A/LOAD TRANSIENT

VGGE1_V28A/LOAD TRANSIENT (CONTINUED)

r T T [ [ [ [ [
VBAT =38V, VBAT =38V,
— lLoap 0 MA < 150 mA at 1 us Tr/Tf ™ lLoap = 0 mAto 150 mA
VGGE1_V28A
~ VGGE1_V28A 100 mV/div
100 mVidiv = 2.904 V OFFSET
2.904 V OFFSET -\f ’
e ILoAD
ILoaD 100 mA/div
100 mA/div
10 ms/div 4 psidiv
Figure 23. Figure 24.
VGGE1_V28A/LOAD TRANSIENT (CONTINUED) VGGE1_V28A/PSRR
- 80
T T o ‘
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L1 =150 mAto 0 mA 5 70[— =
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% 50
;% ‘N——\/\
> 40
o
s
» 30
h g
1 o 20
h LOAD o
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Figure 25. Figure 26.
PAVREF1/SETTLING TIME PAVREF1/SETTLING TIME (CONTINUED)
r T T [ I I
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l_ov —ov
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Figure 27. Figure 28.
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PAVREF1/STARTUP TIME
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Figure 33.
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Figure 32.
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Figure 34.
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AFCDAC/FALLING TIME

VBAT =338V,

CODE = FFFh to 000h —
Rg=1kQ
S i
N C=0.01pF,
N R =100 kQ AFC
~ 1 Vidiv
F—ovV
csTB
1 Vidiv
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Figure 35.
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VBAT =38V,

AFCDAC/STARTUP TIME

| CODE = 800h,
Rg =1k,
I C=0.01yF,
R, =100 kQ
/ﬂf
oV
10 ps/div
Figure 36.
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a
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Figure 37. Figure 38.
CLOCK DISTRIBUTION/SIN_SYSCLK1 INPUT
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N Sl S SIN_SYSCLK1 Cup= 10 PF, SYSCLK_EN2
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Figure 39. Figure 40.
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CLOCK DISTRIBUTION/SIN_SYSCLK2 INPUT

Vs CLOCK DISTRIBUTION/SIN_SYSCLK3
OUTPUT (-1 dB TYP) STARTUP TIME

\ \ —
N VTCXO level \é?:l' ;g.:’:\/,
/// ’\ //"“-—'\ = c.)F.; 2 ov B
\\.NJ \\MJ &\‘\,. SYSCLK_IN

ON
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SIN_SYSCLK2
\““‘”“'/ \“*W\/ \‘“-— 500 mV/div /* e =
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Figure 41.

Figure 42.
CLOCK DISTRIBUTION/SIN_SYSCLK3 INPUT

Vs SYSCLK_IN (VCTCXO OUTPUT)
OUTPUT (-1 dB TYP) INPUT PHASE NOISE

AL AN T

\ J \\ \\ SYSCLK_IN
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Figure 43. Figure 44.
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Figure 45.

Figure 46.
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CLOCK DISTRIBUTION/SIN_SYSCLK3
OUTPUT PHASE NOISE

VBAT =38V,
C3= 10 pF,

R 3= 10KkQ

Figure 47.
PARAMETER MEASUREMENT INFORMATION
EQUIVALENT INPUT/OUTPUT CIRCUIT DIAGRAMS

VIO1V8 O—< VIO1V8 ©—<

A

INPUT F——W—9 INPUT —

A A A A

GND2 O e GND2 . oo

Figure 48. WRFON, SYSCLK_EN, SYSCLK_EN2 Figure 49. TXONFST, TXON, TBNDSEL2, TBNDSEL1

A

VIO1V8

Figure 50. TSPCLK, TSPDIN, TSPEN, CCLK, CSTB, Figure 51. REG_EN
CRESET
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PARAMETER MEASUREMENT INFORMATION (continued)

VIO1V8

INPUT

GND2

A

|

%

ajae
.

Figure 52. CDATA

VBN1

|
QW—W—»—MP—*—P—

W]
Ll

OUTPUT

GND1 = GND2
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OUTPUT

GND2

Figure 53. EXT_DC_DC_ON_OFF

—

T?

1

5o

VBN4

OUTPUT

SWITCH
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Figure 55. V11_V28TX, V12_V28RX, PA_VDD,
L_LNA_FEM
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———1
o
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GND1
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Lt}

Figure 57. PAVREF1, PAVREF2, PAVREF3
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PARAMETER MEASUREMENT INFORMATION (continued)

VTCXO *
INPUT * ¢ I
OUTPUT

|

GND2

GND2 = GND6 ¢ ¢ hd

Figure 58. AFC Figure 59. SYSCLK_IN
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PARAMETER MEASUREMENT INFORMATION (continued)

VBDDP OUTPUT
. O DDGNDP
DDGNDP
) oz
GND2
Figure 64. L1 Figure 65. VOUT, L2
} Power
T Supply
DDINA
—e L OUTPUT
DDGNDA
4—‘7 GND2
Figure 66. TEST Figure 67. VBN1, VBN2, VBN3, VBN4,
VBNS5, DDINA, VBDDP, VIO1V8
Ground Q + VEEPROM
GND2
Figure 68. GND1, GND2, GND3, GND4, GND5, Figure 69. VEEPROM

GND6, DDGNDA, DDGNDP
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DETAILED DESCRIPTION

DC/DC converter

The TPS65040 is a buck/boost PWM converter optimized for cellular phone power amplifier applications.
Switching frequency is internally set at 1.5 MHz, allowing the use of small inductors and capacitors. The internal
synchronous switch increases efficiency and provides fast transient response. Figure 70 is a block diagram of
the device.

EXT_DC_DC_ON_OFF

[PSCNTDC/DC_EXT
CCLK I . M)

CDATA Serial Interface PSCNTDC/DC] —————————

CSTB | Power Supply
*® D BKBT Enable for BKBT

TXONFST signal

|
|
[
|
= (REFERENCE BLOCK | | |\ o | lco'g“l’l';”
I VREF1 Buf} | | 4 7 MP1 |
uffer | I
i Amplifier | | | _q | — |
—— J | | | =
. |
I I
[ - G) I MN1 I
|
I Shourt I Current Limit I ' | LIZBKBT§
| PC':C“:.‘ Protection | 2.2uH
rotection | == DDPGNDP §
|  __ = v |
| |
I ! OPA_FB
I ! |
| gu |
| T |
| ' — |
| FF VOUT
| Block
| 1 C]?:;;:‘ COU'I'BKE_
| & 10 uF :E
MP2
| GMAMPOU gCP /CL —
| ounter
VREF1 |
VREF/ 12
| Softstatr ) ——SSE—
COVREF1
0.01 uF | MN
|
T |
== | RERR
| WA
| MAX — | DDPGNDP
| DUTY :
| —
[ TRI DDGNDA
| TRI_WAVE
| _
| TEST ) TEST
|
|
|
~ 0l =
e\ 7\
N/ N
PABIAS1 ERR
—— CERRBKBT
: : 0.001 uF

Figure 70. DC/DC converter Block Diagram
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DETAILED DESCRIPTION (continued)

Because the DC/DC converter operates in buck/boost mode using only one external inductor, the output voltage
can be programmed from 0.8 V to 4.2 V by an analog input voltage applied to terminal PABIAS1. The VOUT
voltage is determined by:

VOUT (V) =-1.688 x PABIAS1 (V) + 4.874
Figure 71 shows VOUT voltage vs PABIASL1 input.

A
VOUuT

42V

08V

2414V PABIAS1

040V
Figure 71. VOUT Voltage vs PABIAS1 Input

The DC/DC converter output is enabled or disabled by TXONFST pin and the r[PSNCNTDC/DC] register bit
(accessed via the serial I/F, default value = 1). When r[PSNCNTDC/DC] = 1, a high level on the TXONFST pin
powers up the DC/DC converter. The output then rises to the voltage selected by the input voltage on the
PABIAS1 pin. Note: At VBAT values outside the range specified in the recommended operating conditions table,
the DC/DC converter must be turned off. The DC/DC converter ON/OFF options are shown in Table 1.

Table 1. DC/C Converter (BKBT) ON/OFF Control

REG_EN® vio1vs® TXONFST r[PSCNTDC/DC] OUTPUT
1 1 1 1 ON
1 1 0 1 OFF
1 1 1 0 OFF
1 1 0 0 OFF
0 0 Don't Care Don't Care OFF
1 0 Don't Care Don't Care OFF

(1) REG_EN and VIO1V8 sequence is described in the Sequence Control section.

The EXT_DC_DC_ON_OFF pin can control an external DC/DC converter based on the states of the TXONFST
pin, and r [PSCNTDC/DC_EXT]. r [PSCNTDC/DC_EXT] is 0 by default. The detail is described in the SERIAL
INTERFACE Section. Table 2 shows Low/High control for an external DC/DC converter.

Table 2. Low/High Control for External DC/DC Converter

REG_EN® vio1vs® TXONFST r[PSCNTDC/DC_EXT] EXT_DC_DC_ON_OFF
1 1 1 1 High
1 0 1 Low

(1) REG_EN and VIO1V8 sequence is described in the Sequence Control section.

Submit Documentation Feedback




TPS65040

SLVS708B-NOVEMBER 2006—-REVISED APRIL 2007

Table 2. Low/High Control for External DC/DC Converter (continued)

REG_EN® VvIO1v8® TXONFST r[PSCNTDC/DC_EXT] EXT_DC_DC_ON_OFF
1 1 1 0 Low
1 1 0 0 Low
0 0 Don't Care Don't Care Low
1 0 Don't Care Don't Care Low

BUCK-BOOST DC/DC CONVERTER POWER-UP SEQUENCE AND MODE STATE DESCRIPTION

Power-Up Sequence

Pin PABIAS1 controls the output voltage and must have an input to set the output voltage before power up of
the DC/DC converter. If PABIASL1 pin has an unknown voltage, the DC/DC converter can not regulate the output
voltage; and, the device or peripheral components may be damaged. Figure 72 shows the power-up sequence
for the DC/DC converter: (a) via an external pin controlled by TXONFST, and (b) via a register command control.
Figure 72 shows each mode from OFF (Disable Mode) to ON (Normal Operation Mode). The following
paragraphs give more details.

PABIAS1 Pin Input Voltage Range

The input voltage range of PABIAS1 pin is from 0.4 V to 2.414 V. This range keeps the output voltage of the
DC/DC converter at the proper level. Also, it must be input before power-up of the DC/DC converter.

Disable Mode

Table 1 shows the buck-boost DC/DC converter is disabled when TXONFST = Low, or r[PSCNTDC/DC] = Low.
Then the analog circuit of Figure 70 is disabled and the logic circuit is reset. Also, current-limit protection and
short-circuit protection are disabled.

Active Discharge When Disable Mode

VOUT output is pulled down to 0V when the buck-boost DC/DC converter is disabled. Then MN1, MP2 = ON
and MP1, MN2 = OFF in Figure 70. VOUT pin is pulled down to OV via the coil, but when VOUT is below 0.6 V,
the discharging speed is at a gentle slope. Because the power supply of the MN2 and its gate driver buffer in
Figure 70 are supplied from VOUT, the MN2 cannot discharge the VOUT to 0OV.

Idle Mode

Table 1 shows the DC/DC converter is enabled when TXONFST = High and r[PSCNTDC/DC] = High. Figure 72
shows each mode during power-up sequence. Since the analog circuit is unstable, output transistors (MP1,
MN1, MP2, MN2) operate after 50us (typ), counted by an internal oscillator. After the count-up it shifts to
softstart mode. Current-limit protection and short-circuit protection are disabled. Figure 72 shows the same
sequence; that is, TXONFST turns from low to high at [PSCNTDC/DC] = High, and r[PSCNTDC/DC] turns low
to high at TXONFST = High.

Softstart Mode

Softstart mode operates to avoid rush current when the buck-boost DC/DC converter activates the output
transistor via idle mode. Internal VREF_SS ramps up within 500us (max) by counter, when idle mode shifts to
softstart mode. Output voltage is set by PABIASL1 pin. The time of softstart mode depends on the value of the
output voltage. SS_OK = High finishes softstart mode when VREF_SS is counted up. After completing softstart
mode, current-limit protection and short-circuit protection start operation simultaneously.

Normal Operation Mode

Normal operation mode provides line regulation, load regulation, and fast transient response control by the
analog input of PABIASL1 pin. Current-limit and short-circuit protection are enabled continuously.
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Figure 72. DC/DC converter Power Up Sequence
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Buck-Boost Mode Operation

The DC/DC converter is able to regulate the output voltage at all possible input voltages. The buck mode,
buck-boost mode, and boost mode are automatically switched in the analog circuit. It operates as buck mode
when the input voltage of VBDDP is higher than the output voltage of VOUT, and as boost mode when the input
voltage of VBDDP is lower than the output voltage of VOUT. It operates as buck-boost mode when the input
voltage of VBDDP is close to the output voltage of VOUT. In buck mode, MP1 and MNL1 on the L1 side, shown
in Figure 70, are switching continuously. MP2 on the L2 side, shown in Figure 70 is always on, and MN2 on the
L2 side is always off. When the voltage difference between input voltage of VBDDP and output voltage of VOUT
is 0.5 V or less, MP2 and MN2 on the L2 side start switching. Therefore, the mode is switched from buck mode
to buck-boost mode. In boost mode, MP2 and MN2 on the L2 side are switching continuously. MP1 on the L1
side is always on, and MN1 on the L1 side is always off. When the voltage difference between the output
voltage of VOUT and the input voltage of VBDDP is 0.5 V or less, MP1 and MN1 on the L1 side start switching.
Therefore the mode is switched from boost mode to buck-boost mode.

Current-Limit Protection

Figure 73 and Figure 74 show coil current, VOUT output voltage, PABIAS1 input voltage operations, and
current-limit protection mode. Current-limit protection has a limit value of 4 A and 1.5 A detected peak current.
Figure 73(a) shows PABIASL input voltage, VOUT output voltage regulation, and coil current. VOUT output
voltage begins to ramp to target value based on the reducing PABIAS1 input voltage. Then, coil current
increases for fast transient response. Current-limit value in the current-limit protection circuit shifts from 1.5 A to
4 A, after the 1.5 A current limit value is detected twice in normal mode operation. This is the current-limit 4-A
detection mode, which keeps within 50 ps (typ) counted internal oscillator. Coil current is decreased when
settling of the output voltage reaches completion in current-limit 4-A detection mode. When 50 ps (typ) of
current-limit 4-A detection mode ending, the current-limit protection circuit shifts to current-limit 1.5-A detection
mode automatically, and detects the coil current by 1.5-A current limit value between 5 us (typ) counted by
internal oscillator. When the current limit protection circuit does not detect 1.5-A coil current between 5 ps (typ),
it shifts from current-limit 1.5-A detection mode to normal operation mode. Thereafter, while the current limit
protection circuit continuously monitors the peak current of the coil, and a 1.5-A current limit condition is
detected twice continuously, it shifts to current-limit 4-A detection mode again. This describes the operation for
continuous coil current flow.

Figure 73(b) shows the operation when the coil current flows continuously. When the current-limit protection
circuit detects 1.5 A continuously twice, it shifts to the current-limit 4-A detection mode. Even if 4 A keeps
flowing after mode shifting, it shifts from the current-limit 4-A detection mode, to the current-limit 1.5-A detection
mode after 50 ps (typ). However, when 1.5 A keeps flowing for a specific cause for more than 5 ps (typ), the
current-limit protection circuit keeps operating in the current-limit 1.5-A detection mode. The output voltage
decreases when DC/DC converter can not drive the low impedance load because of current limit conditions. The
short-circuit protection circuit operates when the output voltage falls to 80% or less. See the SHORT-CIRCUIT
PROTECTION Section for details.

While 1.5 A is flowing continuously, the current-limit protection circuit is operating in the current-limit 1.5-A
detection mode. When the coil current falls to 1.5 A or less, 5 ps (typ) is counted again.

Figure 74 shows the operation when the coil current is decreasing from current-limit 1.5-A detection mode, and
the mode shifts to normal mode operation. It is waited that Coil current becomes 1.5 A or less continuing after
1.5 A kept flowing between 5 pus (typ) by Current-limit 1.5-A detection mode. When the coil current falls to 1.5 A
or less, another 5 us (typ) is counted. Meanwhile, the current-limit protection circuit shifts from current-limit 1.5-A
detection mode to normal operation mode if the current-limit protection circuit does not detect a 1.5 A
current-limit value. But if the current limit value of 1.5 A is detected again within this 5 us (typ) interval, it remains
in the current-limit 1.5-A detection mode, and waits for the coil current to fall to 1.5 A, or less.

Current-limit protection not only detects output transient response by PABIAS1, but it also detects heavy load
conditions during stable output conditions.

Note that the detection time is counted by an internal oscillator which generates the switching frequency (fs) of
the DC/DC converter.
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Figure 73. Current Limit Protection - View (a) and (b)
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Figure 74. Current Limit Protection - View

Short-Circuit Protection

The DC/DC converter incorporates short-circuit protection (SCP) in addition to current-limit protection (CLP)
circuitry. The current-limit protection circuit applies to the peak current detection of the coil, while the short-circuit
protection circuit detects the level of the output voltage. Figure 75 (a) shows the operation of short-circuit
protection. The output voltage of VOUT decreases when current-limit operates, limiting the current through the
coil. Short-circuit protection occurs when 80% or less of the target output voltage value is detected while in the
normal operation mode, thereby shifting from normal operation mode to SCP monitor mode. An internal
oscillator provides the timing for a 0.5 msec (typ) delay before shifting to SCP-monitor mode. The two protection
circuits (current-limit protection and short-circuit protection) operate in this manner, shifting to SCP mode when
the output voltage of VOUT does not exceed the target value for 0.5 msec (typ), even if passing, and the VOUT
pin is adjusted to OV for 8 msec (typ). The analog circuit of the DC/DC converter is enabled for the 8-msec (typ)
period, after which the DC/DC converter powers up from soft-start mode. If the output voltage of VOUT exceeds
80% of the target value after soft-start mode ends, it operates in normal operation mode. The short-circuit
protection circuit continuously monitors the output voltage value of VOUT. It transitions from soft-start mode to
normal-operation mode once, after power up, as shown in Figure 75 (b), and then if the output voltage of VOUT
does not achieve 80% of the target output voltage, it again shifts to SCP-monitor mode. It shifts to SCP mode
when the output voltage of VOUT does not exceed the target value for 0.5 msec (typ), even if passing, and the
VOUT pin is adjusted to OV for 8 msec (typ). The DC/DC converter keeps repeating this intermittent operation as
long as there is no setting change from the host. Figure 75 (c) shows the image chart for intermittent operation.
Note that the detection time is counted by an internal oscillator, which generates the switching frequency (fs) of
the DC/DC converter.
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Figure 75. Short Circuit Protection

LOW DROPOUT OUTPUT

Figure 76 shows the block diagram of V11 V28TX, V12 V28RX, V13 V28A and V15 V18A. Also Figure 77
shows the block diagram of VGGE1 V28, VGGE2_V28 and VGGE3_ V28 which have different control signals.
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Figure 76. BLOCK DIAGRAM OF V11 V28TX, V12_V28RX, V13_V28A and V15_V18A
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Figure 77. BLOCK DIAGRAM OF VGGE1_V28, VGGE2_V28 and VGGE3_V288
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V11 _28TX

V11_V28TX is a high-performance LDO having a 2.85-V output voltage. The output PMOS of the LDO turns off
when the load current exceeds the limit value of the current-limit protection circuit and stops the power supply.
When the load current falls to under-the-limit values, the current-limit state is released. This LDO has a
low-current mode and a high-current mode, corresponding to light-load and heavy-load conditions, respectively.
The mode is changed automatically. The LDO on/off is controlled by the WRFON pin and r[PSCNT11]. Register
command r[PSCNT11] can be controlled through the serial interface; the default is 0. Note: Turn off this LDO
when VBAT < 3.1 V. The SERIAL INTERFACE Section explains this in detail. On/off control of V11_V28TX is
shown in Table 3.

Table 3. V11_V28TX ON/OFF Control

REG_EN® VvIO1v8® WRFON r[PSCNT11] V11 _V28TX
1 1 1 1 ON
1 1 1 0 OFF
1 1 0 1 OFF
1 1 0 0 OFF
0 0 Don't Care Don't Care OFF
1 0 Don't Care Don't Care OFF

(1) REG_EN and VIO1V8 sequence is described in SEQUENCE CONTROL.

PA_VDD

PA_VDD is output from V11_V28TX through the T3V switch. On/off of the T3V switch is controlled by WRFON
pin, TXONFST pin, and r[PSCNTT3V]. Register command r[PSCNTT3V] can be controlled through the serial
interface; default is 0. Note: PA_VDD is output only when V11 V28TX has been turned on. More detail is given
in the SERIAL INTERFACE Section. On/off control of PA_VDD is shown in Table 4.

Table 4. PA_VDD ON/OFF Control

REG_EN® vio1vs® WRFON TXONFSTS r[PSCNTT3V] PA_VDD
1 1 1 1 1 ON
1 1 1 0 1 OFF
1 1 1 1 0 OFF
1 1 1 0 0 OFF
1 1 0 1 1 OFF
1 1 0 0 1 OFF
1 1 0 1 0 OFF
1 1 0 0 0 OFF
0 0 Don't Care Don't Care Don't Care OFF
1 0 Don't Care Don't Care Don't Care OFF

(1) REG_EN and VIO1V8 sequence is described in SEQUENCE CONTROL.

V12_V28RX

V12 _V28RX is an LDO that outputs 2.85 V, and is enabled during the power-up sequence of the TPS65040.
The SEQUENCE CONTROL Section gives more detail. Normal mode and low-power mode can be selected.
Normal mode provides high performance, and low-power mode provides low current consumption. Normal-mode
performance is much better than low-power mode. The output PMOS is stopped when the load current exceeds
the limit value of the current-limit protection in the normal mode, shutting down the power supply. When the load
current falls to less than the limit values, current limit is released. Current-limit protection is not available in
low-power mode. This LDO has low-current mode and high-current mode in normal mode. When in a light-load
condition, the mode is low-current mode. When in a heavy-load condition, the mode is high-current mode. The
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mode is changed automatically. On/off for this LDO is controlled by register command r[PSCNT12], and
switching from normal mode to low-power mode is controlled with the WRFON pin. Register command
rPSCNT12] can be controlled through the serial interface; the default is 1. Note: Turn off this LDO, or use
low-power mode when VBAT < 3.1 V. The SERIAL INTERFACE Section explains in more detail. The switch
control of normal mode/low-power mode, and V12_V28RX ON/OFF control is shown in Table 5.

Table 5. V12 _V28RX ON/OFF and Normal Mode/Low Power Mode Control

REG_EN® VvIO1ve® CRESETW®W WRFON r[PSCNT12] V12_V28RX
1 1 1 1 1 Normal Mode
1 1 1 0 1 Low Power Mode
1 1 1 1 0 OFF
1 1 1 0 0 OFF
0 0 Don't Care Don't Care Don't Care OFF
1 0 Don't Care Don't Care Don't Care OFF
1 1 0 Don't Care 1 Normal Mode

(1) REG_EN and VIO1V8 sequence is described in SEQUENCE CONTROL.
V_LNA_FEM

V_LNA_FEM is output from V12_V28RX through the R3V switch. Switch R3V controls on/off by the WRFON
pin, TXONFST pin, and r[PSCNTR3V]. Register command r[PSCNTR3V] can be controlled through the serial
interface; default is 0. The SERIAL INTERFACE Section provides more detail. On/off control of V_LNA FEM is
shown in Table 6.

Table 6. V_LNA_FEM ON/OFF Control

REG_EN® vio1vs® WRFON r[PSCNT12] r[PSCNTR3V] V_LNA_FEM
1 1 1 1 1 ON
1 1 1 0 1 OFF
1 1 1 1 0 OFF
1 1 1 0 0 OFF
1 1 0 1 1 OFF
1 1 0 0 1 OFF
1 1 0 1 0 OFF
1 1 0 0 0 OFF
0 0 Don't Care Don't Care Don't Care OFF
1 0 Don't Care Don't Care Don't Care OFF

(1) REG_EN, VIO1Vv8 and CRESET sequence is described in SEQUENCE CONTROL.

V13_V28A

V13 V28A outputs 2.85 V. This LDO is enabled during the power-up sequence of the TPS65040. The
SEQUENCE CONTROL Section provides more detail. Normal mode and low-power mode can be selected.
Normal mode provides high performance, and low-power mode provides low current consumption. The output
PMOS is stopped when the load current exceeds the limit value of the current-limit protection circuit in normal
mode, shutting down the power supply. When the load current falls to less than the limit values, current limit is
released. Current-limit protection is not available in low-power mode. This LDO has a low-current mode and a
high-current mode in nhormal mode. Under light-load conditions the mode is low-current. When under heavy-load
conditions, the mode is high current. Mode is changed automatically. This LDO on/off is controlled by
r[PSCNT13], and switches from normal mode to low-power mode with the WRFON pin. Register command
rMPSCNT13] can be controlled through the serial interface; default is 1. Note: Turn off this LDO, or use
low-power mode when VBAT < 3.1V. The SERIAL INTERFACE Section explains in greater detail. The switch
control of normal mode / low-power mode, and V13_V28A on/off control is shown in Table 7.
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Table 7. V13 V28A ON/OFF and Normal Mode/Low Power Mode Control

REG_EN® vIio1ve® CRESETW®W WRFON r[PSCNT13] V13_V28A

1 1 1 1 1 Normal Mode
1 1 1 0 1 Low Power Mode
1 1 1 1 0 OFF

1 1 1 0 0 OFF

0 0 Don't Care Don't Care Don't Care OFF

1 0 Don't Care Don't Care Don't Care OFF

1 1 0 Don't Care 1 Normal Mode

(1) REG_EN, VIO1V8 and CRESET sequence is described in SEQUENCE CONTROL.

V15_V18A

V15 V18A is an LDO that outputs 1.85 V, and is powered up during the power-up sequence of the TPS65040.
The SEQUENCE CONTROL Section provides more detail. Normal mode and low-power mode can be selected.
Normal mode provides high performance, and low-power mode provides low current consumption. The output
PMOS is stopped when the load current exceeds the limit value of the current-limit protection circuit in normal
mode; the power supply is shut down. When the load current falls below the limit values, current limit is
released. Current-limit protection is not available in the low-power mode. This LDO has a low-current mode and
a high-current mode in normal mode. The low-current mode and high-current mode correspond to light-load and
heavy-load conditions, respectively. The modes are changed automatically. This LDO on/off is controlled by
rPSCNT15], and switches from normal mode to low-power mode with the WRFON pin. Register command
ITPSCNT15] can be controlled through the serial interface; default is 1. The SERIAL INTERFACE Section
provides greater detail. Note that the electrical characteristics of this LDO are not assured for the range of 2.7V
< VBAT < 3.1V function. When not used, turn it off or to the low-power mode. On/off control of V15 V18A and
switch control for normal mode/low-power mode are shown in Table 8.

Table 8. V15 _V18A ON/OFF and Normal Mode/Low Power Mode Control

REG_EN® VvIO1ve® CRESETW®W WRFON r[PSCNT15] V15 V18A

1 1 1 1 1 Normal Mode
1 1 1 0 1 Low Power Mode
1 1 1 1 0 OFF

1 1 1 0 0 OFF

0 0 Don't Care Don't Care Don't Care OFF

1 0 Don't Care Don't Care Don't Care OFF

1 1 0 Don't Care 1 Normal Mode

(1) REG_EN, VIO1V8 and CRESET sequence is described in SEQUENCE CONTROL.

VGGE1_V28

VGGE1 V28 is an LDO that outputs 2.85 V, and is one of the LDOs enabled during the power-up sequence of
the TPS65040. More detail is given in the SEQUENCE CONTROL Section. The normal mode and low-power
mode can be selected, where normal mode provides high performance, and low-power mode provides low
current consumption. The output PMOS is stopped when the load current exceeds the limit value for the
current-limit protection circuit in normal mode, and the power supply is shut down. When the load current falls
below the limit value, current limit is released. Current-limit protection is not available in the low-power mode.
This LDO has a low-current mode and a high-current mode in normal mode. The low-current mode and
high-current mode correspond to light-load and heavy-load conditions, respectively. The modes are changed
automatically. LDO on/off is controlled by register command r[PSCNTGGE1]. Normal mode and low-power
mode are switched using register command r[GGElpsmode] at rf[GGEmodecnt]=High, SYSCLK_ENZ2 pin at
rf[GGEmodecnt]=Low. Register commands r[PSCNTGGE1], r[GGEmodecnt], and r[GGElpsmode] can be
controlled through the serial interface; the default is 1. More detail is provided in the SERIAL INTERFACE
Section. Note that the electrical characteristics for this LDO are not assured within the range of
3.0V<VBAT<3.1V function. Moreover, the output voltage also decreases by VBAT-VSAT, when VBAT
decreases. Turn off this LDO, or use the low-power mode, when in the VBAT<3 V condition. On/off control of
VGGE1_V28 and the switch control of normal mode/low-power mode are shown in Table 9.
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Table 9. VGGE1_ V28 ON/OFF and Normal Mode/Low Power Mode Control

REG_EN® r[PSCNTGGE1] r[GGEmodecnt] r[GGElpsmode] SYSCLK_EN2 VGGE1_V28
1 VIO1V8 is off Don't Care Don't Care Don't Care Normal Mode
1 1 1 1 Don't Care Normal Mode
1 1 1 0 Don't Care Low Power Mode
1 1 0 Don't Care 1 Normal Mode
1 1 0 Don't Care 0 Low Power Mode
0 1 Don't Care Don't Care Don't Care OFF
1 0 Don't Care Don't Care Don't Care OFF
0 0 Don't Care Don't Care Don't Care OFF

(1) REG_EN sequence is described in SEQUENCE CONTROL.

VGGE2_V28

VGGE2_V28 is an LDO that outputs 2.85 V, and is one of the LDOs enabled during the power-up sequence of
the TPS65040. More detail is given in the SEQUENCE CONTROL Section. Normal mode and low-power mode
can be selected, with normal mode being the high-performance mode, and low-power mode for low current
consumption. The output PMOS is stopped when the load current exceeds the limit value for the current-limit
protection circuit in normal mode, and the power supply is shut down. When the load current falls below the limit
value, current limit is released. Current limit protection is not available in low-power mode. This LDO has a
low-current mode and a high-current mode in normal mode. The low-current mode and high-current mode
correspond to light-load and heavy-load conditions, respectively. The modes are changed automatically. LDO
on/off is controlled by register command r[PSCNTGGEZ2]. Normal mode and low-power mode are switched using
register command r[GGE2psmode] at r[GGEmodecnt]=High , SYSCLK_EN2 pin at r[GGEmodecnt]=Low.
Register commands r[PSCNTGGEZ2], r[GGEmodecnt], and r[GGE2psmode] are controlled through the serial
interface; the default is 1. Note that the electrical characteristics of this LDO are not assured within the range of
3 V <VBAT<3.1V function. Moreover, the output voltage also decreases by VBAT-VSAT when VBAT decreases.
Turn off this LDO, or use the low-power mode ,when in the VBAT<3 V condition. On/off control of
VGGE2_V28A, and the switch control of normal mode/low-power mode are shown in Table 10.

Table 10. VGGE2_V28 ON/OFF and Normal Mode/Low Power Mode Control

REG_EN® r[PSCNTGGEZ2] r[GGEmodecnt] r[GGE2psmode] SYSCLK_EN2 VGGE2_V28
1 VIO1V8 is off Don't Care Don't Care Don't Care Normal Mode
1 1 1 1 Don't Care Normal Mode
1 1 1 0 Don't Care Low Power Mode
1 1 0 Don't Care 1 Normal Mode
1 1 0 Don't Care 0 Low Power Mode
0 1 Don't Care Don't Care Don't Care OFF
1 0 Don't Care Don't Care Don't Care OFF
0 0 Don't Care Don't Care Don't Care OFF

(1) REG_EN sequence is described in SEQUENCE CONTROL.

VGGE3_V28

VGGE3 V28 is an LDO that outputs 2.85 V, and powers up with the power-up sequence of the TPS65040. More
detail is found in the SEQUENCE CONTROL Section. Normal mode and low-power mode can be selected.
Normal mode provides high performance, and low-power mode offers low current consumption. Output PMOS is
stopped when the load current exceeds the limit value of the current limit protection circuit in normal mode, and
the power supply is shut down. When the load current falls below the limit values, current limit is released.
Current-limit protection is not available in low-power mode. This LDO has a low-current mode and a high-current
mode in normal mode. The low-current mode and high-current mode correspond to light-load and heavy-load
conditions, respectively. The modes are changed automatically. The LDO on/off is controlled by register
command r[PSCNTGGE3]. Normal mode and low-power mode are switched using register command
rf[GGE3psmode] at r[f[GGEmodecnt]=High , SYSCLK_EN2 pin at fGGEmodecnt]=Low. Register commands that
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can be controlled through the serial interface are ([[PSCNTGGE3], [GGEmodecnt], r[[GGE3psmode]; the default
is 1. Note that the electrical characteristics of this LDO are not assured within the range of 3 V < VBAT< 3.1 V
function. Moreover, the output voltage decreases by VBAT-VSAT when VBAT decreases. Turn off this LDO, or
use the low-power mode in the condition where VBAT<3 V. On/off control of VGGE3_V28A and the switch
control of normal mode/low-power mode are shown in Table 11.

Table 11. VGGE3_V28 ON/OFF and Normal Mode/Low Power Mode Control

REG_EN® r[PSCNTGGE3] r[GGEmodecnt] r[GGE3psmode] SYSCLK_EN2 VGGE3_V28
1 VIO1V8 is off Don't Care Don't Care Don't Care Normal Mode
1 1 1 1 Don't Care Normal Mode
1 1 1 0 Don't Care Low Power Mode
1 1 0 Don't Care 1 Normal Mode
1 1 0 Don't Care 0 Low Power Mode
0 1 Don't Care Don't Care Don't Care OFF
1 0 Don't Care Don't Care Don't Care OFF
0 0 Don't Care Don't Care Don't Care OFF

(1) REG_EN sequence is described in SEQUENCE CONTROL.

VTCXO

VTCXO is a high-performance LDO that outputs 2.85 V. This LDO provides the power supply for the clock
distribution circuit in TPS65040, and VCTCXO is external. This LDO stops output PMOS when the load current
exceeds the limit value of the current-limit protection circuit, and then the power supply is shut down. When the
load current falls below the limit values current limit is released. This LDO has two modes which are low-current
mode and high-current mode in normal mode. The low-current mode and high-current mode correspond to
light-load and heavy-load conditions, respectively. The modes are changed automatically. This LDO on/off is
controlled with the SYSCLK_EN pin. Note that the electrical characteristics of this LDO are not assured within
the range of 2.7 V < VBAT < 3.1 V function. Moreover, the output voltage decreases by VBAT-VSAT when
VBAT decreases. Turn off this LDO when not using it. On/Off control of VTCXO is shown in Table 12. Figure 78
shows a block diagram.

Table 12. VTCXO ON/OFF Control

REG_ENW®W SYSCLK_EN VTCXO
1 1 ON
1 0 OFF
0 Don't Care OFF

(1) REG_EN sequence is described in SEQUENCE CONTROL.

Submit Documentation Feedback 55



TPS65040

SLVS708B-NOVEMBER 2006—-REVISED APRIL 2007

~/

VBN3 ( I

Current

b

% ! ’imxo
2

Enable

o=

Y

SYSCLK_EN O

—————— ~

|/REFERENCE BLOCK| Power Supply For

VREF2 | Clock Distribution Block

COVREF2 O I VREF2 Buffer (Internally Connection)
0.1uF. | Amplifier

—— —

—— — —— —

Figure 78. VTCXO Block Diagram

PAVREF

PAVREF is an 8-bit DAC whose output can be used as reference power supply for the RF power amplifier.
Figure 79 shows a block diagram. PAVREF is powered up by TXNONFST=High and TXON=High. One output
pin is selected by combining TBNDSEL2 pin and TBNDSEL1 pin from among three output pins, enabling the
output voltage. The serial interface does not control the selection of the power up, and the output terminal. The
output voltage is controlled by a register named DAC. The output voltage corresponds to the data of DACW
register. The DACW register can be controlled through the serial interface, and the default is 80h. More detail is
given in the SERIAL INTERFACE Section. Table 13 shows the control of PAVREF. PAVREF has a special LDO
and has good characteristics for the power supply ripple rejection. And, a load current of 5 mA or less can be
supplied by the output buffer. The output buffer is off, and all the output pins are pulled down to GND, in
TXONFST=High and TXON=Low, although internal circuits (DAC, LDO) of PAVREF are turned on. The output
buffer is off and all the output pins are also pulled down to GND in TBNDSEL2=High and TBMDSEL1=High
although internal circuit (DAC, LDO) of PAVREF are turned on. When PAVREF is powered up by TXONFST pin,
and TXON pin from power down, the output voltage is kept at the same voltage before power down by the
DACW register. CRESET pin goes low or REG_EN pin goes low, the DACW register is reset and output voltage
returns to the default voltage. Turn off PAVREF before changing the output terminal. Also turn off PAVREF in
the condition of VBAT< 3.1 V.
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Figure 79. PAVREF Block Diagram
Table 13. PAVREF Control
REG _EN® TXONFST TXON TBNDSEL1 TBNDSEL2 OUTPUT PAVREF1 PAVREF2 PAVREF3
BUFFER
1 0 Don't Care Don't Care Don't Care OFF Hi-z Hi-z Hi-z
1 1 0 0 0 OFF OFF OFF OFF
1 1 0 1 0 OFF OFF OFF OFF
1 1 0 0 1 OFF OFF OFF OFF
1 1 0 1 1 OFF OFF OFF OFF
1 1 1 0 0 ON ON OFF OFF
1 1 1 1 0 ON OFF ON OFF
1 1 1 0 1 ON OFF OFF ON
1 1 1 1 1 OFF OFF OFF OFF
0 Don't Care Don't Care Don't Care Don't Care OFF Hi-z Hi-z Hi-z
(1) REG_EN sequence is described in SEQUENCE CONTROL.
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AFCDAC

AFCDAC is a 12-bit DAC that can be used for the adjustment of VCTCXO oscillation frequency. Figure 80
shows a block diagram. AFCDAC controls the on/off switch based on SYSCLK _EN pin and r[PSCNTAFC].
Register command r[PSCNTAFC] can be controlled through the serial interface; default is High. The output
voltage is controlled by registers named AFCMSB and AFCLSB. The output voltage corresponds to the data of
ITAFCMSB] and r[AFCLSB]. The r[AFCMSB] and r[AFCLSB] registers can be controlled through the serial
interface, and default is 800h. AFCDAC can be controlled by both CSPI and TSP interfaces. When the output
voltage changes from CSPI interface, the first access register must be the rfAFCMSB], then the r[AFCLSB] next.
If it is not in the correct order the output voltage can not change the value. When the output voltage changes
from TSP interface, it can be one-time accessing. It does not need two-time accessing, like the CSPI interface.
More detail is given in the SERIAL INTERFACE Section. Table 14 shows AFCDAC control. As for AFCDAC, it is
a pull down in SYSCLK_EN=Low or r[PSCNTAFC]=Low to turn off to GND. When AFCDAC is powered up by
SYSCLK_EN=Low to High, (f[PSCNTAFC]=High) or r[PSCNTAFC]=Low to High (SYSCLK_EN=High) from
power down, the output voltage is kept at the same voltage before power down by the r[AFCMSB] and
ITAFCLSB] registers. But the CRESET pin goes low, or REG_EN pin goes low, the rf[AFCMSB] and r[AFCLSB]
registers are reset, and the output voltage returns to the default voltage. Note that the electrical characteristics of
AFCDAC are not assured within the range of 2.7V<VBAT<3.1V function. Moreover, the output voltage
decreases when VBAT decreases according to the output voltage. Turn AFCDAC off when not in use.
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Figure 80. AFCDAC Block Diagram

58 Submit Documentation Feedback



TPS65040

SLVS708B-NOVEMBER 2006—-REVISED APRIL 2007

Table 14. AFCDAC Control

REG_EN® SYSCLK_EN r[PSCNTAFC] AFC
1 1 1 ON
1 1 0 OFF
1 0 1 OFF
1 0 0 OFF
0 Don't Care Don't Care OFF

@

REG_EN sequence is described in SEQUENCE CONTROL.

CLOCK DISTRIBUTION

CLOCK DISTRIBUTION is a clock buffer where a clipped sine wave of 26 MHz, input from VCTCXO, is
distributed to three output pins. Figure 81 shows a block diagram. Three output pins can be controlled by each
signal shown in Table 15, Table 16 and Table 17. Because SYSCLK_EN pin is used as an enable signal of
VCTCXO LDO and AFCDAC, VTCXO and SIN_SYSCLK1 of CLOCK DISTRIBUTION is turned on without fail in
SYSCLK_EN=High. AFCDAC depends on r[PSCNTAFC]. The output of SIN_SYSCLK1 pin becomes the output
amplitude of —3dB (typ) for the input amplitude. The output amplitude of IN_SYSCLK2 pin and SIN_SYSCLK3
pin are —1dB (typ). Note that the electrical characteristics of CLOCK DISTRIBUTION are not assured within the
range of 2.7V<VBAT<3.1V function.
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Table 15. SIN_SYSCLK1 Output Control

REG_EN® SYSCLK_EN SIN_SYSCLK1
1 1 ON
1 0 OFF
0 Don't Care OFF

(1) REG_EN sequence is described in SEQUENCE CONTROL.

Table 16. SIN_SYSCLK2 Output Control
REG_EN® SYSCLK_EN r[PSCNTSYSCLK_GSM] SYSCLK_EN2 SIN_SYSCLK2
1 1 1 1 ON
1 0 0 1 OFF
1 0 1 0 OFF
1 0 1 1 OFF
1 1 0 0 OFF®
1 1 0 1 OFF ()
1 1 1 0 OFF ()
1 0 0 0 OFF
0 Don't Care Don't Care Don't Care OFF
(1) REG_EN sequence is described in SEQUENCE CONTROL.
(2) The output voltage level of OFF state has VTCXO (2.85 V (typ)) level. Otherwise, it is 0 V level.
Table 17. SIN_SYSCLK3 Output Control
REG_EN®W SYSCLK_EN r[PSCNTSYSCLK_UMTS] WRFON SIN_SYSCLK3
1 1 1 1 ON
1 0 0 1 OFF
1 0 1 0 OFF
1 0 1 1 OFF
1 1 0 0 OFF2)
1 1 0 1 OFF®
1 1 1 0 OFF®
1 0 0 0 OFF
0 Don't Care Don't Care Don't Care OFF

(1) REG_EN sequence is described in SEQUENCE CONTROL.
(2) The output voltage level of OFF state has VTCXO [2.85 V (typ)] level. Otherwise is 0 V level.

VREF1, VREF2

The TPS65040 adopts the bandgap circuit and the highly accurate bias current source as an internal standard
voltage. There are two kinds of bandgap circuits, Sub bandgap and Main bandgap. The Sub bandgap circuit, of
the low-power consumption mode, always powers up when REG_EN=High. The Main bandgap circuit powers up
when the normal mode of the LDO, and other blocks are powered up. The highly accurate bias current source
also powers up when Main bandgap powers up; and, the bias current is supplied to each block. Bandgap output
is distributed using two buffer amplifiers, and are output to the VREF1 pin and the VREF2 pin respectively.
VREF2 pin outputs the Sub-bandgap while Sub bandgap is powered up, and Main bandgap is powered down.
When Main bandgap powers up, Main bandgap is output from the VREF2 pin. VREF1 pin only outputs Main
bandgap. When Main bandgap is powered down or r[PSCNTDC/DC] is set to low, VREF1 pin goes to OV. The

block diagram circuit is shown in Figure 82.
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Figure 82. Reference Block Diagram

See the following tables for bandgap information:

Table 18— Sub Bandgap Power-Up Condition

Table 19— Main bandgap Power-Up Condition (REG_EN=VIO1V8=Hi)
Table 20— Main Bandgap Power-Down Condition (REG_EN=VIO1V8=Hi)
Table 21— External Pin Control

Table 22— VREF1/VREF2 BG Buffer Power-Up Condition

Table 18. Sub Bandgap Power-Up Condition

Voltage | |
Detecter l |
| | VREF2
MAIN )__L

\, VREF1

COVREF1

0.01uF

COVREF2

0.1uF

PIN CONDITION MBG® SBG®
REG_EN Low OFF OFF
High Table 19 or Table 20 ON

(1) MBG: Main Bandgap
(2) SBG: Sub Bandgap
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Table 19. Main Bandgap Power-Up Condition

BLOCK | CONDITION MBG SBG
NOTE: When one of these blocks turns on, Main bandgap turns on.
DC/DC converter Power Up ON ON
V11_V28TX Power Up ON
V12_V28RX Power Up ON
V13 V28A Normal Mode ON
V15 V18A Normal Mode ON
VGGE1_Vv28 Normal Mode ON
VGGE2_Vv28 Normal Mode ON
VGGE3_V28 Normal Mode ON
PAVREF Power Up ON
VTCXO Power Up ON
AFCDAC
CLOCK DISTRIBUTION

Table 20. Main Bandgap at Power-Down Condition

BLOCK | CONDITION MBG SBG
NOTE: When all blocks are in the condition listed, Main bandgap turns off.
DC/DC converter Power Down OFF ON
V11 V28TX Power Down
V12_V28RX Low Power Mode or Power Down
V13 _V28A Low Power Mode or Power Down
V15_V18A Low Power Mode or Power Down
VGGE1_V28 Low Power Mode or Power Down
VGGE2_V28 Low Power Mode or Power Down
VGGE3_V28 Low Power Mode or Power Down
PAVREF Power Down
VTCXO Power Down
AFCDAC
CLOCK DISTRIBUTION

Table 21. Main Bandgap by External Pin Control
PIN CONDITION ‘ POWER UP BLOCK MBG SBG
NOTE: When one of these pins goes High, Main bandgap turns on. But the POWER UP BLOCK depends on the register control.
SYSCLK_EN High VTCXO, AFCDAC, CLOCK DISTRIBUTION ON ON
WRFON High V11_V28TX=ON (r[PSCNT11]=High), V12_V28RX = V13_V28A = V15_V18A ON
=Normal mode

SYSCLK_EN2 High VGGE1_V28=VGGE2_V28=VGGE1_V28=Normal mode (f[GGEmodecnt]=Low) ON
TXONFST High DC/DC converter, PAVREF ON

Table 22. VREF1/VREF2 BG Buffer Power-Up Condition

CONDITION VREF1 BG BUFFER VREF2 BG BUFFER
REG_EN=Hi, (SBG=0N) See below ON
MBG=0ON and r[PSCNTDC/DC]=1 ON ON
MBG=ON and r[PSCNTDC/DC]=0 OFF ON
In Table 20 Condition OFF ON
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THERMAL PROTECTION

Thermal Shutdown

When an abnormally high junction temperature (160°C typical, or more) is detected, TPS65040 shuts off the
following three blocks, if they are turned on:

« DC/DC converter
« PAVREF
« V11 V28TX

The other blocks do not shut off under abnormally high temperatures. If the junction temperature falls, thermal
shutdown is released (150°C (typical)) these three blocks turn on immediately, and the DC/DC converter is
powered up through the softstart. The TPS65040 provides the read function for the thermal shutdown flag and
uses the serial interface as a means to inform the host of the thermal shutdown condition. When thermal
shutdown occurs, this function writes 1 in the register map (address: E6h and data: D7). This data can detect a
thermal-shutdown condition by reading CSPI. This flag in the register can be cleared by VBAT = 0V, REG_EN
pin going Low, or by a software reset (address: E8h, doing write access with option data). See the TSD
operation in Figure 83.
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Figure 83. Thermal Shutdown Operation
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HOT-DIE DETECTION

TPS65040 provides hot-die detection as a function of junction temperature. It is expressed as 3-BIT data
representing rising junction temperatures of 110°C, 120°C, 130°C, 140°C, and 150°C. The 3-BIT data can be
read via the serial interface. This function does not cause block shutoff (as in a thermal shutdown condition), but
furnishes junction temperature data. Table 23 shows the 3-BIT threshold temperatures.

Table 23. Threshold Temperature

E6h: TEMP[2:0] TEMPERATURE
000 Reserved
001 Reserved
010 Under 110°C
011 110°C £ 15°C
100 120°C + 15°C
101 130°C + 15°C
110 140°C £ 15°C
111 150°C £ 15°C

TSD Shutdown 160°C + 15°C

SEQUENCE CONTROL

Power Up Sequence
The TPS65040 is designed to permit the power-up sequence shown in Figure 84. The sequences have the
following relationship:

1. REG_EN=Low: TPS65040 power down

2. REG_EN=High: VGGE1_V28, VGGE2_V28, and VGGE3_V28 are powered up in Normal Mode.
3. VIO1V8=High: V12 V28RX, V13 V28A, V15 V18 are powered up in Normal Mode.
4

. SYSCLK_EN=High: VTCXO, AFCDAC, CLOCK DISTRIBUTION (SIIN_SYSCLK1) are powered up. When
VTCXO is powered up, the VCTCXO is supplied from VTCXO, and oscillation starts.

5. CRESET=High: V12_V28RX, V13_V28A, and V15 V18A change into low-power mode. The serial
interface accepts data from the host CPU.

6. The oscillation of VCTCXO is steady.
7. Operation Starts (See Power-Up Mode below).

Asynchronous Input of CRESET

The TPS65040 accepts an asynchronous input of CRESET. If it is SYSCLK_EN=High as shown in Figure 85, it
is possible to make the clock output from TPS65040 work without stopping. However, the block which is
powered up or powered down by the register should note it so that all registers become the default values.

Power Supply Input Order and Level for VBN1, VBN2, VBN3, VBN4, VBN5, DDINA and VBDDP

The TPS65040 has seven power supply input pins. The order of input does not matter. Power up all power pins
simultaneously. The power supply level for VBN1, VBN2, VBN3, VBN4, VBN5, DDINA and VBDDP should be
the same level, as much as possible.

Power-Up Mode

This mode is only valid in the power-up sequence, which is shown by Figure 84. After a valid power-up
sequence, the TPS65040 supplies the clock, and accepts serial interface communication from the host CPU.
The TSP65040 then changes the mode to 2G mode, 3G mode, low-power mode, or no communication mode.
Power-up mode is not a steady (i.e., continuous) mode.
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Figure 84. Power-Up Sequence
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Figure 85. CRESET Asynchronous Input

The TPS65040 adopts two three-line type serial interfaces for communicating with the host. One is CSPI which
provides data WRITE/READ function, another is TSP which provides data WRITE function. The register map of
CSPl is shown in Table 25 and the register map of TSP is shown in Table 26. These register maps return to the
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default value when the CRESET pin becomes Low. It gives priority to TSP for the addresses of Table 24,
although CSPI and TSP are also possible for writing two interfaces simultaneously. It is not possible to write
from CSPI while TSP is writing to CSPI. This operation is detected by the TSPEN signal. When TSPEN=Low,
Table 24 priority operation goes active. The other addresses can be accessed from CSPI during TSPEN=Low.
However, note that writing from CSPI becomes effective when there is writing from CSPI to the same address,
after writing TSP ends. Internal logic is able to operate between 2.7V and 3.1V. But the DC/DC converter,
PAVREF and V11_V28TX should be OFF. Also, V12_V28RX, V13_V28A, V15 V18A, VGGE1_V28,
VGGE2_V28 and VGGE3_V28 should be OFF, or Low-power Mode.

Table 24. TSP Priority Address of Write Operation

CSPI TSP
ADDRESS REG. NAME ADDRESS REG. NAME
FOh AFCMSBW Oh AFCDATA
Flh AFCLSBW
ECh 2GLDOW 1h 2GLDOCTL
F2h AFCDACCTLW 2h AFCDACCTL

CSPI

CSPI is an interface that consists of three lines (CDATA pin, CCLK pin, and CSTB pin). It changes into the
output mode only when reading data, although CDATA is usually an input mode. Data length becomes 16-BIT
(8-BIT data, 8-BIT address). The WRITE format is shown in Figure 86 and the READ format is shown in
Figure 87. The timing of READ/WRITE for CSPI operation is shown in Figure 88.

CSPI Write Operation

The 8-BIT advance data becomes the WRITE operation, and the following 8-BIT group becomes an address by
data. WRITE data is taken by the rising edge of CCLK, and reflected by the falling edge of CSTB.

e fFUALfFLALFLF LA LI LA LfLLALfLf
CDATA XD7XDGXD5XD4XD3XD2XD1XDOXA7XA6XA5XA4XA3XA2XA1 X 20 X
csTB WL

Data Latch

Figure 86. CSPI Write Format

Notification is given when the data of AFCDAC is re-written by using CSPIl. AFCDAC has a 12-bit data length.
Since the data length of CSPI is 8-bit, it can not re-write the 12-blt data by the one-time-access. Therefore, the
data of AFCDAC is written by two-times-access from CSPI. FOh: f[AFCMSBW] is written first, and the next is
F1h: rfAFCLSBW]. This process is described as:

1. Write data in FOh : r [AFCMSBW]. Write '0' in the first 4 bits. This data is insignificant.
2. Write data in F1h : r [AFCLSBW].

Note 1. If step 2 is done before step 1, the correct data will not be reflected.
Note 2. If step 2 is done, but step 1 and step 2 are done sequentially, the correct data will be properly reflected.
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CSPI Read Operation

In a READ operation, the 8-Bit advance data becomes the address, and the next 8-Bit group becomes the
READ operation. The CSTB must be input after the address of 8-Bit advance data. CDATA pin condition
remains in input mode until the falling edge of CSTB is input. Do not input CCLK and CDATA when CSTB is
high. CDATA pin changes from the input mode to the output mode at the falling edge of CSTB. At the falling
edge of CSTB, the data from CDATA pin is output, starting from MSB data. The next data will be read one by
one at the falling edge of CCLK. CDATA pin returns from the output mode to the input mode after CCLK inputs 8
clocks.

CDATA_XA7XA6XA5XA4XA3XA2XA1XAOX XD7XD6XD5XD4XD3XDZXD1 XDO|*:
csTB |m} /'l

T
'

CDATA Direction Change CDATA Direction Change
from Input to Output from Output to Input

Figure 87. CSPI Read Format

Table 25 shows a register written, RESERVED in register map of CSPI. There are both registers for
READ/WRITE. Even if data is written in the register for WRITE, the TPS65040 is not affected at all, and the
TPS65040 continues the same operation before data is written. DATA doesn't change into the state of the
output by the falling edge of CSTB, even if data is read from the READ register. The data is not output from
TPS65040, and the CDATA pin maintains the input.

je— toymc —p

fe-twime »fe-twhme»] le tSD
k= 1DS sk toH - (,tphs_';,'l" tpHL ¢ toL
CDATA>< X >K | X }K
tps'LH‘)
csTB AY N
f———— twhms ———*
Figure 88. CSPI Timing
TSP

TSP is the interface that consists of three lines (TSPDIN pin, TSPCLK pin, and TSPEN pin as input). Data
length is 16-BIT (12-BIT data, and 4-BIT address). Figure 89 shows WRITE format, while Figure 90 shows the
WRITE timing of TSP. In a WRITE operation the first 4 BITs are the address bits, followed by 12 BITs of data.
When TSPEN is low the address and data are taken by the rising edge of TSPCLK, and reflected by the rising
edge of TSPEN. The register that TSP can control becomes AFCDATA, 2GLDOCTRL, and AFCDACCTL.
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TSPDIN A1 Y A0 XD11 D9 Y D8 D6 | D5 03 \(b2 Y1 Y DOXI

TSPEN I ‘/ ]

\

Data Latch
Figure 89. TSP Write Format

— tew —

1
et ! e town > tew - t
I ]

TSPCLK

TSPDIN >‘< X X X X >C
TSPEN Y ( A N

Figure 90. TSP Timing

REGISTER MAP

Table 25. CSPI Register Map

Address | RIW Name D7 D6 D5 D4 D3 D2 D1 FO
EO w PSCNT1W PSCNT15 PSCNTR3V non non non non non PSCNT11

Default 1 0 0 0 0 0 0 0

E1 w Reserved non non non non non non non non
Default 0 0 0 0 0 0 0 0

E2 w Reserved non non non non non non non non
Default 0 0 0 0 0 0 0 0

E3 w Reserved non non non non non non non non
Default 0 0 0 0 0 0 0 0

E4 R AFCMSBR non non non non D11 D10 D9 D8
Default 0 0 0 0 1 0 0 0

ES5 R AFCLSBR D7 D6 D5 D4 D3 D2 D1 DO
Default 0 0 0 0 0 0 0 0

E6 R ALM TSD_FLAG non non non non Temp Bit2 | Temp Bitl Temp Bit0

Default 0 0 0 0 0 0 1 0

E7(® R Reserved non non non non non non non non
Default 0 0 0 0 0 0 0 0

E8 W TSD_RESET non non non non non non non non
Default 0 0 0 0 0 0 0 0

E9 w Reserved non non non non non non non non
Default 0 0 0 0 0 0 0 0

EAQ@) W TEST TEST7 TEST6 TESTS TEST4 TEST3 TEST2 TEST1 TESTO

Default 0 0 0 0 0 0 0 0

(1) ET7h explains the read register, but it can not read the 00h data after the CSTB low edge. It becomes High-Z condition during data read
period.
(2) EAh is the test mode register for production test. Do not access this register.
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Table 25. CSPI Register Map (continued)

Address | RIW Name D7 D6 D5 D4 D3 D2 D1 FO
EB W 3GLDOW PSCNTT3V | PSCNTDC/DC | PSCNT12 | PSCNT13 non PSCNTSYS non PSCNTDC/D
CLK_UMTS C_EXT
Default 0 1 1 1 0 1 1 0
EC W 2GLDOW GGE3ps GGE2ps mode | GGElps GGEmod PSCNTGG PSCNT PSCNT PSCNT
mode mode ecnt E3 GGE2 GGE1 SYSCLK_
GSM
Default 1 1 1 1 1 1 1 1
ED W DACW D7 D6 D5 D4 D3 D2 D1 DO
Default 1 0 0 0 0 0 0 0
EE w Reserved non non non non non non non non
Default 0 0 0 0 0 0 0 0
EF R VER VCOD3 VCOD2 VCOD1 VCODO VER3 VER2 VER1 VERO
Default 0 0 0 0 0 0 1 0
FO w AFCMSBW non non non non D11 D10 D9 D8
Default 0 0 0 0 1 0 0 0
F1 W AFCLSBW D7 D6 D5 D4 D3 D2 D1 DO
Default 0 0 0 0 0 0 0 0
F2 w AFCDACCTLW non non non non non non non PSCNTAFC
Default 0 0 0 0 0 0 0 1
F3 R PSCNTIR PSCNT15 PSCNTR3V non non non non non PSCNT11
Default 1 0 0 0 0 0 0 0
F4 R 3GLDOCTLR PSCNTT3V PSCNT PSCNT12 | PSCNT13 non PSCNTSYS non PSCNTDC/D
DC/DC CLK_UMTS C_EXT
Default 0 1 1 1 0 1 1 0
F5 R 2GLDOCTLR GGE3ps GGE2ps mode | GGElps GGEmode PSCNT PSCNT PSCNT PSCNT
mode mode cnt GGE3 GGE2 GGE1 SYSCLK
_GSM
Default 1 1 1 1 1 1 1 1
F6 R DACR D7 D6 D5 D4 D3 D2 D1 DO
Default 1 0 0 0 0 0 0 0
F7 R AFCDACCTLR non non non non non non non PSCNTAFC
Default 0 0 0 0 0 0 0 1
Table 26. TSP Register Map
Address RIW Name D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 w AFCDATA @) D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Default 1 0 0 0 0 0 0 0 0 0 0 0
1 W 2GLDOCTL non non non non GGE3 GGE2 ps GGE1 GGE PSC PSC PSC PSCNTS
psmode mode ps mode | mode NTG NTG NTG YSCLK
cnt GE3 GE2 GE1 _GsS™M
Default 0 0 0 0 1 1 1 1 1 1 1 1
2 w AFCDACCTL non non non non non non non non non non non PS('::(I:\ITA
Default 0 0 0 0 0 0 0 0 0 0 0 1

(1) AFCDATA is the same as AFCMSBW and AFCLSBW
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PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ |ead/Ball Finish MSL Peak Temp ®
Type Drawing Qty
TPS65040ZQE ACTIVE BGA MI ZQE 71 360 Green (RoHS & SNAGCU Level-3-260C-168 HR
CROSTA no Sb/Br)
R JUNI
OR
TPS65040ZQER ACTIVE BGA MI ZQE 71 2500 Green (RoHS & SNAGCU Level-3-260C-168 HR
CROSTA no Sh/Br)
R JUNI
OR

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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MECHANICAL DATA
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NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Falls within JEDEC MO-225

D

This is a lead—free solder ball design.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All products are sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TlI's
standard warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not necessarily
performed.

T1 assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should
provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask
work right, or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services
are used. Information published by TI regarding third-party products or services does not constitute a license from Tl to use such
products or services or a warranty or endorsement thereof. Use of such information may require a license from a third party under
the patents or other intellectual property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or liable for such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service
voids all express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would
reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement
specifically governing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications
of their applications, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of Tl products in such safety-critical applications, notwithstanding any
applications-related information or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its
representatives against any damages arising out of the use of Tl products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is
solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in
connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products
are designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any
non-designated products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters  dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Interface interface.ti.com Digital Control www.ti.com/digitalcontrol
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
RFID www.ti-rfid.com Telephony www.ti.com/telephony
Low Power www.ti.com/Ipw Video & Imaging www.ti.com/video
Wireless

Wireless www.ti.com/wireless
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